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APPENDIX  B 


SURVEY  OF  CURRENT  INDUSTRY  PRACTICES 


Prior  to  implementing  the  results  of  laboratory  studies  in 
firm  contractual  requirements,  it  was  desirable  to  fully 
assess  the  baseline  status  of  current  production  methods. 

The  objective  of  this  survey  was  to  provide  one  measure  of 
the  status  of  current  production  methods.  The  focus  of  our 
contract  program  was  for  straight  fastener  holes  in  the 
3/16  to  5/8  inch  diameter  range  as  produced  in  aluminum 
alloy  aircraft  structures.  We  recognized  that  methods -used 
and  improvements  suggested  could  be  independent  of  material, 
hole  size  and  requirements.  The  survey  was  therefore, 
oriented  to  hole  production  methods  and  was  intended  to 
characterize  production  methods. 

Invited  survey  participants  included  both  prime  aircraft 
manufacturers  and  subcontract  suppliers  of  aircraft  com¬ 
ponents.  It  was  recognized  that  the  methods,  specifications, 
etc.,  of  prime  manufacturers  are  imposed  on  subcontractors 
thus  limiting  the  scope  of  methods  variations.  Individual 
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response  from  both  prime  contractors  and  subcontractors 
was  desired  to  assess  variations  in  requirements  inter¬ 
pretation  and  reduction  to  a  common  shop  practice,  and  to 
provide  independent  recommendations  for  improvement. 

One  hundred  survey  requests  were  sent  out  to  manufacturers 
selected  from  industry  contacts  and  from  supplier  listings 
in  the  Thomas  Regis_^e^.  Participants  were  urged  to  answer 
all  questions  with  recognition  that  some  may  not  be  appli¬ 
cable  CH.A.)  or  may  be  sensitive  (s)  to  a  particulai  oper¬ 
ation  or  organization.  Participants  were  requested  to 
note  such  questions  and  to  answer  all  other  as  full  as 
possible.  Response  by  July  15,  1977  was  requested. 

This  Interim  summary  covers  results  of  responses  received 
as  of  October  28,  1977.  Twenty-five  completed  surveys  were 
returned  and  thirteen  letters  of  regret  were  received. 
Additional  responses  are  outstanding.  Responses  were 
segregated  into  the  following  groups  for  analysis: 

Group  A  —  9  responses  -  High  performance  aircraft  design/ 

manufacturers  (Military  Jet) 

Group  B  —  A  responses  -  Traditional  aircraft  design/ 

manufacturers  (Piston  aircraft 
and  light  aircraft) 

Group  C  ~  3  responses  -  Helicopter  design/manufacturers 

Group  D  —  2  responses  -  Engine  design/manufacturers 

Group  E  —  7  responses  -  Component  Hardware  Suppliers/Manu¬ 
facturers 

The  survey  questionnaire  was  divided  into  four  categories  and 
the  results  analyzed  and  divided  as  follows: 

A.  Design  Factors  Related  to  Hole  Quality. 

B.  Production  Factors  Related  to  Hole  Quality. 

C.  Inspection  Factors  Related  to  Hole  Quality. 

D.  Cost  Factors  Related  to  Hole  Quality. 
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ANALYSIS  SUMMARY: 

A.  Design  Factors  Related  to  Hole  Quality 

1,  Are  fracture  mechanics  design  principles  used  as  a 
basis  for  design  of  fastener  joints  and  in  specifi¬ 
cation  of  hole  quality  characteristics? 

How? 

Response : 

Response  was  typically  prime  product  oriented  as 
follows: 

(a)  Yes:  Hl-performance  aircraft  contractors  res¬ 
ponded  "yes"  and  also  provided  explanatory 
notes  such  as  "used  In  primary  structure  and^^ 
for  identifying  critical  parts  stress  levels  ; 
"required  to  meet  certain  life  requirements  ; 
"to  meet  the  design---  of  aircraft  structures. 

(b)  No:  All  traditional  aircraft  designers /manu¬ 
facturers  with  no  further  notes. 

(c)  No:  All  helicopter  designer/manufacturers  with 
no  explanatory  notes. 

(d)  No:  All  component  contractors  -  no  additional 
notes. 

33%  Yes  responses 

2.  Does  your  design  system  classify  holes  in  terms  of 
criticality?  (For  example:  "Critical  --  A  compon¬ 
ent  for  which  a  single  failure  would  result  in 
immediate  loss  of  the  aircraft"? 

(a)  If  yes,  what  classification  system  is  used? 
Response: 

Yes:  Hl-performance  aircraft  contractors  and  "hl- 
performance"  engine  manufacturers. 
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(a)  Various  answers  were  provided:  Some  identified 
company  specifications,  some  identified  criti” 
cality  in  terms  of  the  joints  and  others  in 
terms  of  bolts,  taper  lok  fasteners,  rivets  and 
tolerances. 

NOTE;  Other  contractors  (see  b,  c  and  d  per  question 
#1)  877.  No;  13%  Yes 

3.  Are  different  tolerance/acceptance  criteria  specified 
for  different  hole  classes? 

(a)  What  differences  are  used? 

Response : 

Yes;  Hi-performance  aircraft  contractors,  "hi- 

performance"  engine  manufacturers  and  Hell” 
copter  designer/mfg. 

(a)  100%  inspection  on  ,003"  or  less  tolerance; 

type  of  material  being  assembled  (steel,  alum, 
titanium,  etc.)  has  a  bearing  on  inspection 
criterion.  Also  types  of  fastener  (Taper-Lok, 
Hi-Shear)  . 

No;  Generally  was  the  response  on  traditional 
aircraft  and  component  contractors, 

4.  Do  you  use  a  preferred  hole  size  range  for  critical 
holes? 

(a)  If  yes,  what  is  that  range? 

Response : 

Yes;  Hl-performance  aircraft  contractors  and  "hi- 
performance"  engine  manufacturers. 

(a)  Tolerance  of  .009"  for  body-round  bolting  on 

engines;  structures  people  were  .001"  for  close 
ream,  .0015"  interference  and  up  to  .003"/. 004" 
(Class  1)  dependent  on  type  and  quantity  of 
fasteners 

NOTE;  All  other  contractors  (B,  C,  and  E)  responded. 
No. 


4 


- illllMI.II'IBtHf 


5.  Is  your  engineering  dimensioning  system  in  compliance 
with  ANSI  Y  14.5-1973? 

(a)  Other? 

Response: 

Yes,  91%  of  all  contractors  responded  affirmatively. 

(a)  The  only  contractors  (9%)  responding  "No" 

identified  MIL-D-1000  as  their  control  speci¬ 
fication  for  dimensioning. 

6.  Do  you  interpret  a  tolerance  of  +  0.001  as  +  0.0010? 

(a)  Other? 

Response: 

Yes,  91%  of  all  contractors  responded  affirmatively. 

(a)  Of  the  (9%)  responding  "No"  one  contractor 

qualified  his  "No"  with  a  note  "Not  usually, 
they  report  to  the  nearest  ,0005".  The  remain¬ 
der  offered  no  explanatory  notes. 

7.  Do  you  specify  hole  production  processes  in  your 
engineering  system  --  for  example,  "Drill  and  Ream?' 

(a)  Do  you  specify  the  drilling  process  by  tool 
identification?  How? 

Response : 

No,  70%. 

Yes,  30%.  Those  who  responded  affirmatively  provided 
notes  such  as  "On  drawings  in  some  cases  ,  on  line 
ream  only". 

(a)  Yes,  specified  in  the  planning  sheets,  not  on 
the  drawings. 

8.  Do  you  specify  mandatory  inspection  of  critical  holes? 
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(a)  How? 
Response: 


877.,  Yes.  All  but  one  "hl-performance"  aircraft 
manufacturer  Included  In  this  percentage. 


tm,  No.  One  "hl-performance”  aircraft  manufacturer 
was  Included  in  this  percentage  but  included  a  quali¬ 
fying  note  as  follows:  "As  in  Question  #2,  holes 
not  classified  for  criticality,  but  joints  may  be 
classified  critical  and  Quality  Assurance  Job  sheets 
would  direct  Inspection  requirements. 


(a) 


• 

Drawing  notes,  Quality  Assurance  instructions, 
Engineering  process  specifications,  work  orders, 
and  standard  handbooks  for  inspection,  define 
the  inspections  of  critical  holes. 


9.  Do  you  use  a  classification  of  characteristics  in 
hole  quality  specification? 


(a)  If  yes,  does  it  include: 


V  — -  y  -  ^  » 

1  -  Hole  Size 

5  -  Surface  condition  -  finish 

2  -  Roundness 

6  -  Surface  Condition  -  Rifling, 
scratches,  chatter  marks, 
burrs 

3  -  Straightness 

7  -  Barrelling/Bellmouthing 

4  -  Alignment  (Perpendi 

cular,  etc.) 

Please  indicate  typical  tolerance  range  for  each 


condition. 


Response: 

89%,  Yes.  This  percentage  represents  all  except 
one*(l)  of  the  contractors  classified  as  hi-per- 
formance  aircraft  and  hi- per forma  nee  engine  con¬ 
tractors. 

note:  The  overall  aggregate  percentage  for  this 
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question  is  as  follows: 

65%,  Ye« - 35%,  No.  The  "No"  percentage  Is 

eight  (8)  contractors,  50%  of  which  (4  contr¬ 
actors)  are  component  contractors. 

(a)  The  contractors  responding  "Yes"  to  the  question 
predominately  identified  all  seven  (7)  character¬ 
istics  in  their  specifications. 

The  tolerances  were  varied  but  are  summarized 
as  follows: 


1  -  Hole  Size - varied  .003"  to  .006"  total 

2  -  Soundness - within  diam.  range  of 

specific  drawings 

3  -  Straightness--------Allow  pins/rivets  to  be 

installed  ^ 


4  -  Alignment  (perpendicular  --  +  1  ;  perpendi¬ 

cular  within  ,002" 

5  -  Surface  condition  (finish) --63  to  125  RMS 

6  -  Surface  condition  Photographic  standards, 

(rifling,  scratches,  burrs) ---(most  con¬ 
tractors,  none  allowed) 

7  -  Barreling/Bellniouthing--tolerance  limits  of 

specific  drawings,  where  max/ 
min  diameters  are  specified. 

10,  Do  you  require  recording  of  exact  dimensions  for  criti¬ 
cal  holes  or  for  critical  interfaces? 

(a)  If  yes,  what  dimensions? 

Response: 

88%,  No,  This  percentage  represents  all  except  one  (1) 
of  the  contractors  classified  as  hi-performance  aircraft 
manufacturers  and  hi-performance  engine  manufacturers. 

Only  one  (1)  contractor  in  this  category  answered  "Yes" 
to  the  question. 

Overall  aggregate  percentage  is: 

82%  No . 18%,  Yes. 
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The  total  distribution  answering  "yes"  are  described  in 
sub-section  (a);  four  (4)  contractors. 

(a)  The  hi-performance  aircraft  manufacturing  answering 
"Yes"  provided  the  following  qualifying  statement. 
"Sometimes.  Actual  dimensions  of  critical  interface/ 
banking  points  to  assist  in  further  assembly  oper¬ 
ations."  ,  . 

One  (1)  -  Traditional  aircraft  Mfg.  failed  to  pro¬ 
vide  any  explanatory  note  in  response  to  (a). 

One  (1)  -  Helicopter  Mfg.  response  to  (a)  was 
"diameter  of  hole  and  position." 

One  (1)  -  Component  contractor  answered  Yes  to 
the  subject  question  but  failed  to  provide  narra¬ 
tive  for  (a) . 

11.  Do  you  require  of  disassembly  and  debuiring  holes 
drilled  through  multiple-layer  stacks? 

(a)  What  methods  are  used  for  deburr ing? 

Response; 

887.,  Yes.  This  percentage  represents  all  but  one  (1) 
of  the  contractors  classified  as  hl-performance 
aircraft  manufacturers  and  hl-performance  engine 
contractors. 

Overall  aggregate  percentage  is: 

8351,  Yes . 17^,  No. 

The  total  distribution  answering  "No"  to  the  question 
were  one  (1)  Hl-performance  aircraft  Mfg.;  one  (1) 
traditional  aircraft  Mfg. ;  one  (1)  helicopter  Mfg. 
and  one  (1)  component  contractor. 

(a)  The  method  describing  the  deburring  techniques 
were!  countersink  tool  and/or  flat  abrasive, 
piloted  countersinks  and  four  fluted  deburr 
tool,  spring  cutters,  tumbling,  90  edge  cutters, 
drill  press,  files,  etc. 

12.  Do  you  have  a  standard  rework  procedure  specified  for 
out-of-tolerance  holes? 
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(a)  Please  describe. 

Response : 

88%,  Yes.  This  percentage  represents  all  but  one  (1) 
of  the  contractors  classified  as  hi-performance  air¬ 
craft  manufacturers  and  hi-performance  engine  contrac 
tors. 

(a)  Generally  the  standard  procedures  for  rework  of 
out-of-tolerance  holes  are  described  in  company 
Standard  Repair  Manuals,  Eng,  Repair  and  Speci¬ 
fication  Manuals,  Overhaul  and  Repair  Manuals, 
MRB  Repair  Instructions. 

NOTE;  Oversized  holes  are  committed  to  Material 

Review  Action  which  limits  the  prerogatives 
of  the  contractors, 

B.  Production  Factors  Related  to  Hole  Quality 

1.  Do  you  use  manufacturing  processes  to  describe  hole 
production  methods  and  to  control  process  parameters? 
Other/Comments . 

Response : 

100%,  Yes.  In  all  cases  drilling  by  contractors  is 
per  controlled,  written  processes. 

2.  Are  the  same  processes  used  to  produce  critical  and 
non-critical  holes?  Please  describe  differences. 

Response : 

Basically,  Yes.  The  difference  lies  in  the  method 
of  producing  the  hole.  Non-critical  holes  are 
drilled  only.  Critical  holes  employ  drill,  boring, 
reaming  and  honing  to  critical  tolerances/f inishes. 

3.  Are  production  operators  trained  and/or  certified 
for  production  of  critical  holes?  How?  Please 
describe. 
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Response: 


Yes,  for  contractors  responsible  for  high  performance 
aircraft  and/or  engines.  Their  programs  train/cer¬ 
tify  Individuals  for  specific  skills  (Taper-Lok, 
high  strength  materials,  etc.).  Traditional  aircraft, 
helicopters  and  component  contractors  generally  all 
have  on-the-job  training  for  operators/inspectors, 
but  no  formal  certification  on  skill. 

4,  Are  production  drilling,  equipment  templates,  6bc., 
qualified  for  the  process  and  hole  quality  required? 
How? 

Response: 

Yes,  for  contractors  responsible  for  high  performance 
aircraft  and/or  engines  and  component  contractors. 
Through  tool  Inspection  , certification  before  use, 
first  piece  inspection  or  destruction  test. 

No,  for  traditional  aircraft/helicopter  contractors 
with  no  specific  reasons  identified, 

5,  Are  hole  production  tools,  i.e,,  twist  drills,  reamers, 
etc,,  inspected  before  use? 

(a)  Is  inspection  documented? 

(b)  Are  actual  characteristics  recorded? 

Response: 

82%  Yes.  Inspected  generally  by  machine  operators 
prior  to  use.  This  percentage  included  all  high 
performance  aircraft  and  engine  contractors, 

18%  No.  These  were  traditional  aircraft/helicopter 
and  component  contractors, 

(a)  Basically  No.  Inspections  generally  documented 
only  on  special  tools  and  in  problem  areas. 

(b)  Basically  No,  Same  as  above. 
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NOTE:  Where  (a)  and  (b)  is  providing  documentation 
It  Is  among  the  high  performance  alrcraft/eng, 
contractors. 

6,  Are  new  drills,  reamers,  etc.,  Inspected  before 
being  placed  In  stock? 


(a) 

Is  Inspection  documented? 

(b) 

Are  actual  characteristics  recorded? 

(c) 

Is  trend  monitoring  and  feed  back  used 
that  tools  of  the  required  (specified) 
are  being  delivered?  Comments. 

to  assure 
quality 

Response: 

61%  Yes.  Percentage  Includes  all  high  performance 
aircraft  and  engine  contractors,  but  usually  Is  for 
special  drills,  reamers  and  special  geometry  tooling. 

39%  No.  Percentage  represents  traditional  aircraft, 
helicopter  and  some  component  contractors. 

(a)  Basically  No.  Same  as  In  question  5.  Inspections 
are  generally  documented  on  special  tools  only. 

(b)  Basically  No.  Same  as  (a)  above. 

(c)  Basically  No.  Trend  data  only  when  problems 
arise  and  troubleshooting. 

7.  What  criteria  are  used  In  submitting  tools  for  re¬ 
sharpening  or  replacement? 

(a)  Are  periodic  Inspection  and  recording  of 
characteristics  made  after  producing  an 
predetermined  number  of  holes? 

(b)  Are  quality  characteristics  of  actual  holes 
produced  used  as  part  of  the  basis  for  tool 
resharpening/replacement?  How? 

Response: 
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Generally  left  to  the  judgement  of  the  machine  oper¬ 
ator  or  technician.  Quality  of  the  holes  monitored 
for  signs,  of  product  degradation, 

(a)  Generally  No,  However,  on  long  run  jobs  periodic 
checks  are  made,  . 

(b)  Yes,  by  operator  judgement  and  work  quality  sur¬ 
veillance. 


8,  Are  resharpened  tools  subjected  to  Inspection  before 
being  placed  in  stock? 

(a)  Are  actual  characteristics  recorded? 

(b)  How  are  the  characteristics  used?  Comments, 
Response: 

74%  Yes,  Percentage  includes  all  high  performance 
aircraft  and  engine  contractors, 

(a)  Basically  No,  Only  recorded  where  special  tools 
and  geometry  is  Involved, 

(b)  Characteristics  used  to  evaluate  acceptance  of 
tool  rework  and  specification  compliance, 

9,  What  factors  do  you  consider  to  be  most  Important  in 
producing  a  close  tolerance,  drilled  hole? 


Comments : 


Drill  sharpness 

Feed 

Coolant 

Drill  Position 

Drill  point  angle 

Speed 

Drill  Start 

Clamping  of 
Material  Stack 

Drill  flute  angle 

Torque 

Drill  Align¬ 
ment 

Operator  Skill 

Drill  length 

Pressure 

Drill  Removal 

Other 

Response : 
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Individual  features  varied  among  contractors;  however, 
first  rank  with  regard  to  Importance  In  producing  close 
tolerance  holes  are: 

Drill  physical  geometric  features  of  drill  sharpness, 
point  angle,  flute  angle,  drill  length. 

Second  ranking:  mechanical  features  of  alignment, 
clamping  of  material  stack,  position. 

Third  ranking:  Operator  skill,  feed,  speed,  coolant. 

10.  In  drilling  close  tolerance  holes,  the  characteristics 
which  are  most  difficult  to  control  are:  (Please  In¬ 
dicate  In  ascending  order  from  1  to  8)  . 


Hole  size 

Surface  Condition  Finish 

Roundness 

Surface  Condition,  Texture- 
Rifling,  scratches,  chatter 
marks,  burrs 

Alignment 

Barrelllng/Bellmouthlng 

Other;  Please  explain 

Response: 


Characteristics  varied  among  contractors  according 
to  the  type  of  hardware  representative  of  their 
prime  product  line. 

(a)  Among  the  high  performance  aircraft  contiractors 
the  characteristics  ranked: 

1  -  Size  2  -  Surface  Finish  3  -  Roundness 

4  -  Surface  Texture 

(b)  Among  the  traditional  aircraft  contractors  the 
characteristics  ranked: 

1  -  Size  2  -  Surface  Finish  3  -  Roundness 

4  -  Surface  Texture 
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(c)  The  high  performance  engine  listing  ranked  the 
characteristics: 

1  -  Barrelling/Bellmouthing  2-Size  3-Surface  Texture 
4  -  Surface  Finish 

(d)  The  helicopters  were  mixed  but  identified  similar 
char. -5cter  is  tics: 

Size,  Surface  Finish,  Surface  Texture,  Barrelling 
and  Bellmouthing 

Are  criteria  currently  used  in  acceptance  of  close 
tolerance  holes  realistic? 

(a)  What  characteristics  (tolerances)  could  be  re¬ 
laxed?  Please  comment  on  rationale  for  relax¬ 
ation. 

(b)  Would  relaxation  of  criteria  reduce  production 
costs?  How? 

Response: 

100%  Yes.  All  concur  that  current  close  tolerance 
acceptance  criterion  is  adequate. 

(a)  The  most  prolific  characteristics  selected  for 
relaxation  are  relief  in  tolerances  and  surface 
finish  of  the  completed  hole. 

(b)  Reduction  of  inspection  time,  deburring  and  re¬ 
work.  All  would  be  contributers  to  lower  hole 
cost. 

Are  standard  manufacturing  processes  used  in  re¬ 
working  discrepant  holes? 

(a)  How  do  the  processes  differ  from  original  pro¬ 
duction  methods? 


Response: 


83%  Yes. 
same  as 
centage 


The  processes  and  tooling  are  basically  the 
in  production  of  original  holes.  This  per- 
includes  all  performance  aircraft  and  engine 


contractors. 


(a)  The  processes  vary  little.  The  rework  results  are 
larger  holes,  bushed  holes  or  sleeves  in  the 
affected  parts.  Generally  controlled  by  MRB 
direction. 


13.  What  improvements  in  hole  production  would  you  like 
to  see  to  improve  hole  quality  and/or  reduced  pro¬ 
duction  costs? 


Criteria 

Fixtures 

Temporary  Clamping 
Devices 

Inspection 

Equipment 

Equipment 

Tools 

Cutting  Fluids 

Other 

Response : 

Individual  features  varied  among  contractors;  however, 
the  predominant  candidates  selected  for  improvement 
were: 

First:  Criteria;  relax  tolerance  and  finish  require¬ 
ments  . 

Second:  Equipment;  work  on  design  improvements  and 
better  utility, 

14.  Please  list  the  distinct  production  methods  by  equip¬ 
ment  type,  process,  etc.,  which  are  in  current  use 
at  your  facility  for  producint  straight  holes  in  the 
1/8  to  5/8  inch  size  range  in  aluminum  alloy  assemblies. 

Please  rank  the  methods  according  to  usage  and  according 
to  relative  cost. 

7,  of  Production  Cost 

Response: 

Answers  varied  according  to  product  line  and  the  per¬ 
centage  of  usage  was  so  diverse  on  equipment  that  they 
were  not  meaningful  for  comparison. 
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Example: 


Hand  drilling  among  high  performance  aircraft  con¬ 
tractors  varied  from  8%  to  50%, 

Drill  press  varied  from  4%  to  33%. 

Spacematlc  varied  from  16%  to  50%, 

The  equipment  list  identified  the  following: 

Hand  drill  motors,  drill  press,  spacematlc  power 
drills,  drlvematlcs,  single  point  boring  mills,  N/C 
machines,  overhead  drills,  track  mounted  drills,  etc. 

In  the  case  of  equipment,  it  is  generally  geographically 
situated  to  suit  typical  production  line  operations 
such  as:  machine  shops , sub-assembly,  major  assembly, 
final  assembly/test. 

15,  If  the  production  process  is  not  specified  by  engin¬ 
eering,  how  is  the  process  selected? 

Response: 

Nearly  unanimous  response  assigned  process  selection 
to  the  contractors  manufacturing  planning  engineers 
(Production  Engineering) . 

16.  If  deburr Ing  is  not  specified  by  engineering,  is 
deburr ing  performed? 

(a)  What  rational  is  used  to  select  a  deburr  process? 

(b)  Is  deburrlng  routinely  performed  on  multiple 
layer  stacks?  Please  comment. 

Response: 

91%  Yes.  Generally  by  invoking  established  workman¬ 
ship  standards. 

(a)  Hole  utilization,  general  engineering  notes 

(break  sharp  edges).  Joint  criticality,  company 
standard  practices  and  in  some  cases  special 
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metdl  removal  procedures  and  limitations  es¬ 
tablished  by  engineering. 

(b)  Yes,  in  83X  of  responses.  No,  generally  if 
stacks  are  drilled  by  semi-automatic  or  auto¬ 
matic  riveting  machines  on  aluminum  stacks. 

C.  Inspection  Factors  Related  to  Hole  Quality 

1.  Is  your  Quality  Assurance/Inspection  System  designed 
to  meet  requirements  for  contracting  with  the  gov¬ 
ernments? 


If  yes,  which  of  the  following  documents  are  used? 


M11-I-45208A 

NHB  5300.4  1  C 

FAA  Regulation, 

Vol.  II  Part  21 

Mil-Q-9858A 

NHB  5300.4  1  D 

Other,  Please  specify 

NHB  5300.4  1  Dl 

Response! 

100%  Yes.  Specific  contracts  with  governmental 
agencies  Invoke  particular  specifications;  however, 
MIL-Q-9858A  was  in  effect  by  all  contractors  100%. 

The  FAA  Regulation,  Vol.  II,  Part  21  and  the  NHB 
series  documents  were  second  and  third  most  used  by 
the  response  contractors. 

2.  Do  your  government  contracts  Involve  source  inspection 
by  a  government  agency? 

(a)  What  agencies? 

Response: 

100%  Yes.  In  this  question,  audit  by  Government 
Agency  is  considered  "inspection." 

(a)  DCAS  was  identified  in  75%  of  the  total  con¬ 
tractors  responding  to  the  survey. 
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NAVPRO,  NASA,  APPRO,  ARMY,  NAVY,  FAA,  Defense 
Logistics  and  Individual  military  Installations 
were  also  Identified. 

3.  If  hole  Inspection  methods  are  not  called  out  on  the 
engineering  drawing  or  process  specification,  how  Is 
the  method  established? 

Response: 

827o  Identified  their  Quality  Engineering  or  Quality 
Assurance  Department  as  responsible  for  Identifying 
the  hole  Inspection  method.  The  remainder  Identi¬ 
fied  experience  and  part  tolerance  which  Implied  an 
Inspection  function  and  Implemented  per  Quality 
Instructions  In  planning. 

4.  In  fabrication  of  structures  having  a  large  number 
of  similar  holes,  Is  sampling  Inspection  utilized? 

Yes  No 

(a)  If  Yes,  Is  the  sampling  plan  based  on  Mil- 
Standard  105D? 

(b)  Other? 

Response: 

787.^  Yes,  Sampling  permitted.  Where  response  Indi¬ 
cated  no  sampling  was  permitted  a  1007.  Inspection 
of  critical  holes  Is  accomplished, 

(a)  MIL-STD-105D  was  the  only  sampling  specifi¬ 
cation  acknowledged  by  responding  contractors. 

(b)  None  Identified, 

4.  a.  What  AQL  Is  used? 

How  Is  the  AQL  requirement  established? 

Is  sampling  used  In  conjunction  with  (a)  a  tool 
Inspection  plan? 
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(b)  trend  data  monitor  based  on  hole  quality  char¬ 
acteristics  in  a  sample  run? 

(c)  Other? 

Response: 

A  variety  is  used  as  controlled  by  the  selections 
available  via  MIL-STD-105D. 

Sampling  when  used  is  approximately  50/50  split 
between  "a"  "b"  above. 

4.  b.  If  a  hole  is  rejected  in  a  sample  lot,  is  addition 
al  inspection  applied  to  that  lot? 

What  is  the  basis  for  additional  inspection? 


Response : 


Yes,  additional  inspections,  generally  100%  are  per¬ 
formed  with  MIL-STD-105D  as  the  control  and  directing 

document. 

4.  c.  Are  "go"  -  "no"  gages  used  for  inspection  of  close 
tolerance  holes? 

Are  actual  characteristics  measured? 

Please  comment: 


Response: 


747,,  Yes.  However,  "Go-No  Go"  gages  are 
spection  tool  from  a  variety  employed  to 
measurement  results. 


but  one  in- 
obtain  actual 


Actual  characteristics  are  measured  using  gaging  tools 
other  than  "Go  -  No  Go"  plug  gages  to  assess  and 
jlnspect  critical  holes. 


4.  d.  What  measurement/assurance  system  is  used  to 
measure  the  following  hole  characteristics. 


19 


a.  Hole  size 

c.  Straightness 

f.  Surface  con- 
dltlon/texture- 
rlfllng,  scratches, 
chatter  marks, 
burrs 

b.  Roundness 

d.  Alignment 

e.  Surface  condi¬ 
tion/  finish 

g.  Barrelllng/Bell- 
mouthlng 

h.  Other;  Please 
comment 

Response : 


a.  Dlalboregage ,  air  gages,  Go-No  Go  gages,  elec¬ 
tronic  gaging 

b.  Blade  gage,  dial  bore  gages,  air  gage,  tally 
round  gages,  split  ball  and  micrometer 

c.  Fixtures,  Indicators,  pins,  mating  part,  3  axis 
measuring  machine 

d.  Multiple  pin  gage,  fastener  pins,  tool  pins, 
surface  table  and  height  gage 

e.  Profilometer,  surface  Indicator  visual  compar¬ 
ator,  RMS  gage 

f.  Optical  comparator,  visual,  visual  and  magni¬ 
fication 

g.  Air  gage,  visual  and  plug,  dial  bore  gage,  ball 
gage  and  micrometer 

h.  No  comments 

Contractors  were  predominately  consistent  on  In¬ 
spection  methods  for  the  various  hole  character¬ 
istics. 

5.  a.  What  calibration/measurement  accuracy  ratio’s 
are  used  for  hole  Inspection  tools? 
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What  is  the  basis  for  recallbratlon? 


a.  Time  (months) 

c.  Audit  (basis) 

b.  Use  (number  of  in¬ 
spections) 

d.  Other;  please  comment 

a.  Since  all  contractors  identified  MIL-Q-9858A  as 
applicable  to  their  operations,  MIL-C-45662  is 
implied  by  reference  therein.  Most  contractors 
indicated  a  10:1  accuracy  for  their  hole  inspect¬ 
ion  tooling. 

The  basis  for  recalibration  was  identified  as 
follows : 

First;  a.  Time  (months) ---the  span  time  varied 
Second;  b.  Use  (Number  of  inspections) 

Third;  c.  Audit  (basis) ---varied  from  a  specific 
time  period  to  "continuous" 

6.  Are  inspectors  qualified  by  performance  for  hole 
measurement? 

(a)  Are  inspectors  certified  by  training  and  exam¬ 
ination  for  hole  measurement? 

Response: 

747o,  Yes  on  the  basis  of  performance  as  stated  in 
the  question.  14%  additional  although  answering  in 
the  negative  qualified  their  "No"  by  stating  that 
Inspectors  are  trained  for  measurement  of  close 
tolerance  holes  and  job  rating  is  the  criteria  for 
qualification. 

(a)  Universally  inspectors  obtain  astuteness  and 
perfection  in  hole  measurement  via  on-the-job 
training.  Only  in  the  high  performance  air¬ 
craft  and  engine  contractors  is  certification 
rendered  by  "card," 

7.  Is  the  reliability  of  inspectipn  measured  by: 
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(a)  Audit?  (b)  Double  Inspection?  (c)  Other? 
Please  comment. 


Response: 

86%  Identified  (a;  audit)  as  their  primary  reliabil¬ 
ity  "tool"  for  measurement  of  inspection. 

9%  identified  (b;  double  inspection). 

5%  identified  (c;  other).  Physical  product  audit 
and  customer  feedback. 

8  Are  inspection  processes  used  to  describe  and  control 
inspection  parameters?  Other;  please  comment. 


Response: 


82%  Yes.  Inspection  processes  in  general  are  a 
universal  descriptive  "tool"  for  inspection  purposes 
and  although  they  carry  a  variety  of  titles  they  are 
synonymous  in  application. 


9.  What  is  the  primary  cause  for  rejection  of  holes  at 


your  facility? 


Hole  size 

alignment 

surface  texture-scratches, 
rifling,  etc. 

Roundness 

surface 

finish 

barrelling/bellmouthing 

Straightness 

Other;  please  explain 

Response: 


100%  identified  "hole  size"  as  the  foremost  cause 
for  hole  rejection.  Roundness,  bellmouthlng  and 
alignment  were  the  next  successive  three  causes  for 
rejection. 

10.  Are  reworked  holes  inspected  on  the  same  basis  as 
original  production?  Yes  No 
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(a)  What  are  the  differences? 

Response : 

831,  Yes.  17X,  No,  because  holes  were  not  inspected 
100%  originally. 

(a)  On  reworked  holes  all  receive  1007.  re  inspection 
at  completion  of  rework, 

11.  What  improvements  in  hole  inspection  would  you  like 
to  see  to  Improve  inspection  precision  and/or  reduce 
inspection  coats? 

Response : 

1  -  Automated  equipnffint  to  measure  diameter  perpen¬ 

dicularity,  surface  finish  and  other  features 
automatically 

2  -  Incorporate  digital  readout  on  hole  measuring 

equipment 

3  -  More  wide  spread  use  of  air  gage  and  electronic 

digital  readout  equipment  to  eliminate  the  human 
element  in  hole  measurement 

D.  Cost  Factors  Related  to  Hole  Quality 

1.  For  production  of  close  tolerance,  straight  holes 
in  1/4  inch  thick  aluminum  (lots  of  100  or  more), 
what  is  the  relative  distribution  of  cost: 

Response : 

Response  to  this  question  was  too  broad  and  special¬ 
ity  oriented  to  extract  meaningful  data  on  the  basis 
of  commonality.  For  example,  the  tasks  to  be  re¬ 
ported  upon  and  the  response  among  hi-performance 
aircraft  and  engine  manufacturers  are  illustrated 
below.  Identification  of  source  is  withheld. 
Figures  reported  are  percentages. 
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(,)  AppllcbU  to  the  - production  inethod? 


Response: 


As  In  Question  #l  of  this  series,  the  responses  were 
od  deoendlng  on  the  end  product. 


The  example  chosen  to 
same  contractors  from 


Illustrate  results  are  the 
Question  #l  and  in  identical 
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vertical  order 


(a)  All  are  applicable  to  full  scale  production. 


0.06  manhour 

Method  not  Identified 

0.062  manhour 

Spacematlc  drilling 

* 

Carles  with  application, 
requirements,  location, 
etc. 

See  ** 

**.005  Drill;  .003  Ream; 
CSK  001; 

.026  manhour 

Hand  drilling  method 

.039  manhour 

Drill  press  method 

.04  manhour 

Machines  drill  and  ream 

No  response 

3.  What  costs  are  reduced  for  Increased  tolerance 
holes? 


Response : 

Generally  all  contractors  acknowledged  that  all 
facets  of  cost  would  be  reduced  by  some  extent 
by  opening  the  tolerance  on  holes.  Prime  areas 
of  reduced  cost:  Inspection  time  and  less  In¬ 
spections  required.  Reduction  of  rework  re¬ 
quired  In  drilling. 

Tooling  cost  reduced. 

Less  disposition  and  repair  activities.. 

4.  What  factors  are  major  contributors  to  hole 
Inspection  costs?  Please  comment. 

Response: 

Among  the  hl-performance  aircraft  manufacturers 
and  hl-performance  engine  contractors  comments 
were : 

a  -  Certification  and  training  of  personnel  and 
measuring  gages 
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b  -  Close  tolerance,  rejection  rates,  and  rework 
costs 

c  -  Surface  finish 

d  -  Disassembly  of  drilled  stack  up 

The  above  are  fairly  representative  of  all  other 
contractor  comments. 


GENERAL; 

Are  you  willing  to  furnish  documentation  relating  to 
hole  drilling  processes,  l.e.,  process  specifications, 
drawings,  process  plans.  Inspection  procedures,  etc., 
to  Martin  Marietta  Aerospace  with  an  understanding  that 
the  confidential  status  of  your  company  will  be 
preserved  and  protected? 


Comments ; 


Response: 

The  area  of  greatest  Interest  (hi-perf ormance  aircraft 
contractors)  responded  favorably  with  regard  to  pro¬ 
viding  data  per  the  above  request.  In  general,  the 
affirmative  nature  of  the  response  was  to  provide  info 
related  to  the  study. 
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”1"  is  put  in  the  X  Register. 

File  1  is  identified  and  its  file  type 
is  compared  to  the  nuodter  5  (type  5  is 
an  empty  file) . 

If  they  equal,  (the  file  is  empty)  label 
10  is  addressed. 

If  they  don’t  equal  (the  file  is  not 
empty),  170  memory  registers  are  opened 
and  file  1  data  is  loaded  into  memory. 

Register  15  (data  lot)  is  recalled. 

If  it  is  zero,  label  10  is  addressed. 

If  it  Is  not  zero,  the  program  continues 
to  step  25. 
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The  data  lot  (Regleter  15)  !■  printed. 


The  next  hole  number  (keyboard  entry) 
is  requested  from  the  operator. 

If  a  number  entry  Is  made,  It  Is  stored 
in  Register  25  end  label  01  Is  addressed. 

If  the  hole  nunber  Is  not  known,  •  search 
routine  is  Initiated  by  pressing  the 
”0"  key. 

Preaslng  the  ”0”  icey  addresses  double 
label  0. 
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File  0 


0082 

LBL 

n 

0  0  8  4 

u 

LBL 

n 

0  0  8  6 

u 

C  L  X 

0087 

1 

0  0  8  8 

STO  C 

0  0  8  9 

RCL  C 

0  0  9  0 

IDENT 

0  a  9  1 

R0LL4 

0  0  9  2 

ROLLL 

0093 

ROLLl- 

0094 

5 

0  0  9  5 

IF  X  =  Y 

0  0  9  6 

Li  U  T  0  1-  0  4 

0  0  9  8 

1 

0  0  9  9 

IF  X=Y  ■ 

0  1  0  0 

GOTO  1-10 

0102 

5 

0103 

8  T  0  +  C 

0104 

RCL  C 

0105 

0  1  0  6 

0 

0107 

IF  X  =  Y 

0  1  0  8 

GOTO  L04 

0110 

GOTO  008 

—Double  Label  0- 
The  stack  is  cleared. 

1  is  stored  In  Register  C, 


Gtep  089i  Register  C  is  recalled  and  the  file 
with  that  nuinber  Is  Identified.  It's  file  type 
Is  compared  to  the  number  5  C5  is  an  empty  file) . 

If  they  equal •  label  04  Is  addressed. 

If  they  don't  equal,  the  file  type  is  compared  to 
the  number  1  (1  Is  a  secured  program  file). 

If  they  equal,  lable  10  is  addressed. 

If  they  don't  equal,  5  is  added  to  the  number 
In  Register  C, 

Register  C  Is  recalled  and  is  compared  to  the 
number  30  QO  Is  the  largest  amount  of  files  used 
per  set  of  holes) . 

If  they  equal,  label  04  Is  addressed. 

If  they  don't  equal,  the  problem  jumps  back  to 
step  89. 


0112  L  B  L 

- 04 

0114  RCL  C 

0115  5 
0116  - 

0117  S  T  0  C 

0 118  1 

0119  S  T  0  +  C 

0120  RCL  C 

0121  IDEHT 
0122  R  0  L  L  i- 
0123  ROLL-i- 
0124  ROLL  I- 
0  125  5 
0126  IF  K=Y 
0127  GOTO  L05 

0129  GOTO  0118 


-Label  04- 

Label  04  (steps  0112  through  0129)  continues  to 
search  for  an  empty  file  by  step  increments  of 


A  "5"  is  subtracted  from  Register  C. 


A  "1"  is  added  to  the  number  In  Register  C 
and  that  file  type  Is  identified. 

The  file  type  is  compared  to  the  number  5  (empty 
file  code). 


f  the  file  Is  not  empty  CfHe  code  equal 
;o  5),  the  program  Jumps  back  to  step  0118, 
to  the  nuinber  In  Register  C  and  continues  until 
in  emotv  file  is  located. 


If  the  file  Is  empty  (file  code  -  5)  label  05  Is 
addressed. 
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File  0 


0131 

LBL 

— 

05 

0133 

RCL 

C 

0134 

1 

0135 

STO- 

c 

0136 

CLX 

0137 

FIX 

0 

0139 

1 

0140 

7 

0141 

0 

0142 

#REGS 

0143 

0 

0144 

0 

0145 

ENTERt 

0146 

RCL 

c 

0147 

LOAD 

0148 

FIX 

0 

0150 

RCL 

R015 

0152 

IF  0 

0153 

GOTO 

L10 

Lebel  05 

Label  05 »  Raglater  C  la  recalled,  "1"  la 
aubtracted  from  thla  number  and  It  la 
reatored  In  Raglater  C.  The  X  reglater 
la  cleared. 

The  file  (Reglater  C)  la  loaded. 

Reglater  015  la  recalled  (Lot  number). 

If  reglater  015  contalna  a  aero. 

Label  10  la  addreaaed.  Thla  la  a 
routine  to  protect  file  •'0”  from 
accidental  eraaure.  If  a  blank  tape 
la  put  into  the  computer  and  "0"  la 
entered,  thla  program  flnda  File  1 
to  be  the  flrat  empty  data  file. 

If  "1"  la  aubtracted  from  1,  file  0 
will  be  reloaded.  Label  10  will  be 
addreaaed. 

If  Reglater  015  la  not  aero,  the 
program  continuea. 


30 


File  0 


0155 

PRNTo: 

0157 

D 

0158 

fl 

The  Dete  Lot  number  (Rmgister  IS)  le 

0159 

T 

printed. 

0160 

R 

0161 

0162 

L 

0163 

0 

0164 

T 

0165 

■ 

0166 

0167 

PRINT 

0168 

ENDoi 

0169 

RCL  R025 

0171 

1 

A  "1"  Is  added  to  the  nundber  In 

0172 

+ 

Register  025  and  stored  In  Register  025 

0173 

S  T  0  R  0  2  5 

0175 

PRNToi 

0177 

N 

0178 

E 

0179 

X 

0180 

T 

0131 

0182 

H 

The  next  hole  nuiAer  (Register  025)  Is 

0183 

0 

printed. 

0184 

L 

0185 

E 

0186 

0187 

PRINT 

0188 

EHDfl< 

0189 

SPRCE 

0190 

PRNT'j: 

0192 

H 

0193 

0 

0194 

L. 

0195 

E 

Keyboard  entry  of  the  next  hole  nuniber 

0 1 96 

0197 

N 

to  be  addressed  Is  requested  from  the 

0198 

0 

operator. 

0199 

• 

0200 

9 

0201 

ENDo: 

0202 

STOP 

0203 

PRINT 

On  keyboard  entry  of  hole  number. 

0204 

STO  R025 

0206 

SPACE 

the  program  continues. 

0207 

SPACE 

Label  01  Is  addressed. 

0208 

GOTO  L01 

31 


File  0 


0210  LBL 
- 01 

0212  RCL  R016 

0214  P  R  N  T  o: 

0216  D 
0217  fl 
0218  T 
0219  E 
0220 

0221  PRINT 
0222  ENDc< 

0223  RCL  R017 

0225  PRNT'^: 

0227  D 
0228  fl 
0229  T 
0230  fl 
0231 
0232  S 
0233  0 
0234  U 
0235  R 
0236  C 
0237  E 
0238 

0239  PRINT 
0240  ENDo( 

0241  RCL  R015 
0243  PRNT':< 

0245  D 
0246  fl 
0247  T 
0248  fl 
024.9 
0250  L 
0’251  0 
0252  T 
0253 

0254  PRINT 
0255  ENDof 
0256  RCL  R025 
0258  PRNTc/ 

0260  H 
0261  0 
0262  L 
0263  E 
0264 
0265  N 
0266  0 
0267  . 

0268 

0269  PRINT 
8270  END*: 


■Label  01- 


Reglater  016  (date  of  data  entry)  la 
recalled  and  printed. 


Register  017  (data  source)  Is  recalled 
and  printed. 


Register  015  (Data  Lot)  Is  recalled  and 
printed. 


Register  025  (Hole  Number)  Is  recalled 
and  printed. 
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4 

P 1-3  0  6 


File  0 


0S?1  FIK 
0273  RCL 
0275  PRNTc.: 
027  7  H 
0278  M 
0279  F 
0280  L 
0  2  8  i  I 
0282  E 
0233  R 
0284  ENIio' 
0285  PRNTo: 
0287  R 
0  2  8  3  Fi 
0289  H 
0  2  9  0  G 
0  291  E 
0  292  = 

02.93 

0  2  94  P  R I  r  i  I 
0  295  E  i4  It  ■  ■ 
0296  PRR'  ■  ■; 
0  2  9  8  r 
0299  E 
01  f’  0  8 
0  3  0  1 
039  2 
0  8  0.-  h 
0  '7  0  i 
0*  -1'  '  ! 

0  J  0  -  0 

0  3 1 w 

0308  E 
0  3  0  9  R 
0310  fl 
0311  n 
0312  C 
0313  E 
0314  EHL'^ 
0315  ri3 
0317  RCL 
0319  PRHT- 
0321 
0322 
0323  . 

032^5  L 

0  3  2  5  . 

0328  - 
0327  PRINT 
0328  FNl  -:^ 
0329  RCL 
0331  PRHTc- 
0  3  3  3 
0  3  3  4  ij 
0335  . 

0338  L 
0337  . 

0338  = 

0339  PRIM! 

0340  EM  Do; 


.011 


R012 


Register  006  (Amplifier  Range)  is 
recalled  and  printed. 


"Design  Tolerance"  is  printed. 


Register  Oil  (Lower  Lla.it)  is  recalled 
and  printed. 


Register  012  (Upper  Limit)  is  recalled 
and  printed. 
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a  -vbw  iiB«es*.’a?>  •sffwwsn  w 


0341 

SPACE 

0342 

PRNTo; 

0344 

G 

0345 

A 

0346 

G 

0347 

E 

0348 

0349 

S 

0350 

E 

0351 

T 

0352 

- 

0353 

U 

0354 

P 

0355 

* 

0356 

* 

0357 

* 

0358 

* 

0359 

< 

0360 

ENDot 

0361 

PRNTo: 

0363 

0364 

N 

0365 

0 

0366 

M 

0367 

I 

0368 

N 

0369 

A 

0370 

L 

0371. 

0372 

S 

0373 

I 

0374 

2 

0375 

E 

0376 

= 

0377 

ENDd 

0378 

RCL 

R030 

C380 

PRINT 

0381 

RCL 

R029 

0383 

PRHTc< 

0385 

0386 

L 

0387 

e 

0388 

L 

0389 

• 

0390 

= 

0391 

0392 

PRINT 

0393 

ENDof 

0394 

RCL 

R031 

0396 

PRNTot 

0398 

0399 

U 

0400 

a 

0401 

L 

0402 

a 

0403 

a 

0404 

0405 

PRINT 

0406 

ENDd 

File  0 


"Gage  Set-Up  *  *  *  *  *"  ia  printed. 


Register  030  (Nominal  Size)  It  recalled 
and  printed. 


Register  029  (Lower  Limit)  is  recalled  and 
printed. 


Register  031  (Upper  Limit)  i«  Recalled 
and  printed. 
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0407  SPACE 
0408  PRNTot 
0410  T 
0411  0 
0412 
0413  E 
0414  N 
0415  D 
04ie 
0417  D 
0418  A 
0419  T 
0420  A 
0421  ) 

0422  LINE 
0423  P 
0424  R 
0425  E 
0426  S 
0427  S 
0428 
0429  S 
0430  T 
0431  0 
0432  P 


File  0 


"To  End  Data,  Presa  Stop  /  A" 


0434  A 
0435  ENI''--: 

0436  PRHTc^ 

0438  T 
04  39  0 
0440 
0441  C 
0442  0 
0443  R 
0444  R 
0445  E 
0446  C 
0447  T 
0448 
0449  D 
0450  A 
0451  T 
0452  A 
0453  » 

0454  P 
0455  R 
0456  E 
0457  S 
0458  S 
0459 
0460  S 
0461  T 
0462  0 
0463  P 
0464  / 

0465  B 
0466  ENDo( 

0467  RCL  R005 

0469  STO  J 

0470  CLEAR 
0471  3 
0472  +^- 
0473  LD&GO 


"to  Correct  Data,  Preaa  Stop  /  B" 
la  printed. 


I 

Ragtater  005  la  recalled  and  atored 
in  Ragiatar  J. 

File  -3  la  loaded  into  the  conputar. 


File  0 


0474  LBL 

- 10 

0476  PRNTo: 
0478 
047  9 
0  4  8  0 
0481 
0482  M 
04  83  f-: 

0484  R 
04 8 '5  T 
0  4  8  6  I 
0487  N 
0488  LINE 
0489 
0490 
04  91 
04  92  M 
049  3  Fi 
0494  R 
0  4  95  I 
0496  E 
0497  T 
04  98  T 
0499  fl 
0 5 00  LI H E 
050  1 
05  0  2 
0503 
0504  R 
050  5  E 
0506  R 
0  5  6  7  0 
0508  8 
0509  P 
0510  R 
0511  C 
0512  E 
0513  LINE 
051^  r 
0515  E 
0516  N 
0517  V 
0518  E 
0519  R 
0520 
0521  D 
0522  I 
0523  V 
0524  I 
0525  8 
0526  I 
0527  0 
0528  N 
0529  LINE 


Label  10  prints  a  header  message  on  the 
top  of  the  tape  to  show  that  this  is  the 
beginning  of  the  hole  measuring  procedures. 
The  message  is  as  noted  below: 


MRRTIN 
MRRIETTR 
REROSPRCE 
DENVER  DIVISION 
PROJECT  1000 

PRESS  EITHER  KEY 
R  OR  B. 

R=  MAN URL 
DRTR  ENTRY. 

B=  INTERFACE 
DRTR  ENTRY. 


Choice  A  loads  file  -0 
Choice  B  loads  file  -1 
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053y 
0531 
0532  P 
0533  R 
0534  0 
0535  J 
0536  E 
0537  C 
0538  T 
0539 
0540  1 
0541  0 
0542  0 
0543  0 
0544  LINE 
0545  LINE 
0546  P 
0547  R 
0548  E 
0549  S 
0550  S 
0551 
0552  E 
0553  I 
0554  T 
055'"'  h' 

055  E 
055'.  R 
0558 
0559  K 
0560  F 
0561  'f 
0562 
0563  fl 
0564 
0565  0 
0566  R 
0567 
0563  B 
0569  , 
0570  ' 

0571 

057. 

0573 
057'-  ■ 

0575  4 
0576  4 
0577  U 
0573  4 
0579  L 
0580  LINE 
0581 
0582 
0583  D 
0584  fl 
0585  T 
0586  R 
0587 
0588  E 
0589  N 
0590  T 
0591  R 
0592  Y 
0593  . 
0594  LINE 


0595  B 
0596  = 

0597 
0598  I 
0599  N 
0600  T 
0601  E 
0602  R 
0603  F 
0604  R 
0605  C 
0606  E 
0607  LINE 
0608 
0609 
0610  D 
0611  R 
0612  T 
0613  R 
0614 
0615  E 
0616  N 
0617  T 
0618  R 
0619  Y 
0620  . 

0621  EHDc( 
0622  STOP 
0623  SPRCE 
0624  SPRCE 
0625  LBL 

- R 

0627  LBL 

- R 

0629  CLEAR 
0630  0 
0631  +^- 
0632  LD8.,GO 
0633  LBL 

- B 

0635  LBL 

- B 

0637  CLEAR 
0638  1 
0639  +#- 
0640  LD&GO 
0641  END 
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File  0 


Choice  A  loads 
File  -0 


Choice  B  loads 
File  -1 


File  0 


FILE  -1 
TYPE  0 

USED  415 

MAX  1000 

0000  NOP 
0001  NOP 
0002  NOP 
0003  NOP 
0004  NOP 
0005  NOP 
0006  FIX  0 
0008  NOP 
0009  1 
0010  7 
0011  0 
0012  #REGS 
0013  NOP 
0014  PRNTot 
0016  I 
0017  N 
0018  T 
0019  E 
0020  R 
0021  F 
0022  fl 
0023  C 
0024  E 
0025 
0026  D 
0027  fl 
0028  T 
0029  fl 
0030  LINE 
0031  E 
0032  N 
0033  T 
0034  R 
0035  Y 
0036 
0037  S 
0038  E 
0039  L 
0040  E 
0041  C 
0042  7 
0043  E 
0044  D 
0045  LINE 
0046  D 
0047  fl 
0048  T 
0049  E 
0050 
0051  ? 

0052  ENDot 
0053  STOP 
0054  PRINT 
0055  STO 


In  Pile  -1,  the  first  170  regletere  ere 
opened  for  the  storege  of  dete. 


The  neeeege  "Inte*  fece  T  te  Intry  gilected" 
printed  on  the  v<*oe» 


The  Dete  le  requested. 


The  dete  le  entered  fro«  the  keyboard 
and  stored  In  keglater  016. 
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R016 


File  0 


0057  PRNT':'' 

0059  D 
0060  fl 
0061  T 
0062  fi 
006  3 
0064  S 
0065  0 
0066  LI 
0067  R 
0068  C 
0069  E 
0070 
00  71  ? 

0072  ENri« 

0  0  7  3  S  T  0  P 
0074  PRINT 
00  75  STO  Re  17 
0077  PRHTo; 

0079  D 
0080  R 
0081  T 
0087'  fl 
0083 
00  8 'I 
0085  0 
0  0  8  6  T 


Next, the  program  requeate  entry  of  the 
data ’source.  The  source  is  enered  from 
the  keyboard  and  is  stored  in  Register  017. 


The  data  lot  is  requested.  The  data  lot  is 
entered  from  the  keyboard  and  is  stored  in 
Register  015. 


0  0  8  7 
0  0  8  8  ? 

0  0  8  9  E  N  D 
0  L:  9  0  STOP 
0091  PRINT 
0092  STO 


Rei5 


0094  0 


0095 

0097 

0098 

0099 

0100 

0101 

0102 

0103 

0104 


PRNTo: 

H 

0 

L, 

E 

N 

0 


The  Hole  Nuiid>er  is  requested.  The  Hole 
Number  is  entered  from  the  keyboard  and 
stored  in  Register  025.  The  Hole  Number 
must  not  be  a  negative  number  or  a  zero 
otherwise  it  will  recycle  to  step  0095 
^d  ask  for  the  Hole  Number  again. 
Registers  A  through  J  mre  cleared. 


0105 

0120 

1 

0106 

c 

0121 

2 

1200  is  stored  in 

0107 

ENDc^ 

0122 

0 

Register  B 

0108 

STOP 

0123 

0 

B 

1160  is  stored  in 

0109 

PRINT 

0124 

STO 

Register  C.  These 

■110 

IF  0 

0125 

1 

are  scaling  factor 

■  ill 

GOTO 

0095 

0126 

1 

constants. 

0113 

IF  - 

0127 

6 

A  Fix  4  is  inserted  to 

0114 

GOTO 

0095 

0128 

0 

fix  the  data  to  4 

0116 

STO 

R025 

0129 

STO 

sipiificant  figures 

0118 

NOP 

0130 

P  I  X 

4 

The  stack  is  cleared. 

0119 

CLRfl->  J 

0132 

CLEAR 
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File  -1 


0133 

LBL 

— 

10 

0135 

PRNT. 

0137 

LINE 

0  1  3  8 

0139 

0140 

E 

0141 

N 

0143 

T 

0143 

E 

0144 

R 

0145 

0146 

R 

0147 

fl 

0148 

N 

0149 

G 

0150 

E 

0151 

LINE 

0152 

0153 

0154 

fl 

0155 

w 

0156 

0157 

s 

0158 

H 

0159 

0 

0160 

N 

0161 

N 

0162 

0163 

0 

0164 

N 

0165 

LINE 

0166 

P 

Ubel  10 


This  label  prints  the  message  "Enter  Range 
As  Shown  on  Pretee  Amplifier."  This  range 
number  is  stored  in  Register  A  and  the 
Base  10  log  of  the  number  is  taken. 


If  the  log  is  a  positive  nunfcer , Label  00 
is  addressed. 


0167  R 
0168  E 
0169  T 
0170  E 
0171  C 
0172 
0173  fi 


If  the  log  is  a  negative  number, it  is  inverted 
to  a  positive  nuid>er,  multiplied  by  2  and 
the  Integer  of  the  nuniber  is  taken. 

The  siessage  "Inches  Chosen"  is  printed. 


0174 

M 

0175 

P 

0195 

PRNTo! 

0176 

L 

0197 

I 

0177 

I 

0198 

M 

0178 

F 

0199 

C 

0179 

I 

0200 

H 

0180 

E 

0201 

E 

0181 

R 

0202 

S 

0182 

LINE 

0203 

0183 

LINE 

0204 

C 

0184 

ENDo( 

0205 

H 

0185 

STOP 

0206 

0 

0186 

STO 

R 

0207 

S 

0187 

LOG 

0208 

E 

0188 

IF  + 

0209 

N 

0189 

GOTO 

L00 

0210 

• 

0191 

0211 

ENDof 

0192 

0212 

G0SU8 

LX 

0193 

0213 

RCL 

J 

0194 

INT 

0214 

STO 

R005 

This  n\iiid>er  is  now 
the  address  nuiid>er  for 
a  "Go  Subroutine."  It 
is  always  between  3 
and  8  depending  on  the 
range  chosen. 
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Register  J  is  recalled 
and  stored  in  Register  05. 


File  -1 


0216  LBL 

- 99 

0218  RCL  ft 

0219  STO  R006 

0221  PRHTf: 

0223  R 
0224  fl 
0225  H 

02  26  Ij 

0227  E 
0228  = 

0229  PRINT 
0230  LINE 
0231  LINE 
0232  I 
0233  F 


0234 

0235 

0 

0236 

K 

0237 

0  2  3  8 
0239 

P 

0240 

K 

0241 

E 

0242 

s 

0243 

o 

0244 

LINE 

0245 

R 

0246 

IJ 

0247 

N 

0248 

0249 

0 

0250 

T 

0251 

0 

0252 

P 

0253 

|l 

0254 

0255 

E 

0256 

L 

0257 

c 

0258 

E 

0259 

LINE 

0260 

P 

0261 

R 

0262 

E 

0263 

C; 

0264 

s 

0265 

0266 

0 

0267 

LINE 

0268 

LINE 

0269 

END«< 

0270 

STOP 

0271 

CLEAR 

0272 

it 

0273 

f 

0  2  7  4 

i.DcGU 

0275 

l  B  L 

0 

0277 

LBL 

— 

0 

0279 

GOTO 

Label  99  recalls  Register  A  (Amplifier  Range) 
and  stores  It  in  Register  006 


The  message  ’•Range  is  printed  along  with 
the  range  chosen. 


The  message  "If  OK,  press  Run/Stop,  else  press 
0"  Is  printed. 

If  "0"  Is  chosen.  Label  10  Is  addressed  and 
it  repeats  the  amplifier  range  input. 


If  Run/Stop  is  chosen  the  computer  loads  in 
File  -2. 
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File  -1 


0281 

LBL 

— 

3  3 

0283 

FIX 

4 

0285 

4 

0286 

STO 

R001 

0288 

RCL 

n 

0289 

RCL 

B 

0290 

0291 

STO 

J 

0292 

RETURN 

0293 

LBL 

— 

04 

0295 

FIX 

4 

0297 

4 

0298 

STO 

R001 

0300 

RCL 

R 

0301 

RCL 

C 

0302 

■r 

0303 

STO 

J 

0304 

RETURN 

0305 

LBL 

— 

05 

0307 

FIX 

5 

0309 

5 

0310 

STO 

R001 

0312 

RCL 

R 

0313 

RCL 

B 

0314 

r 

0315 

STO 

J 

0316 

RETURN 

0317 

LBL 

— 

06 

0319 

FIX 

5 

0321 

5 

0322 

STO 

R001 

0324 

RCL 

R 

0325 

R  I...  L 

C 

0326 

0327 

STO 

J 

0328 

RETURN 

0329 

LBL 

— 

07 

0331 

FIX 

6 

0333 

6 

0334 

STO 

R018 

0336 

RCL 

R 

0337 

RCL 

6 

0338 

■i- 

0339 

STO 

J 

0340 

RETURN 

0341 

LBL 

— 

08 

0343 

FIX 

6 

0345 

6 

0346 

STO 

ROOl 

0348 

RCL 

R 

0349 

RCL 

C 

0350 

•f 

0351 

STO 

J 

0352 

RETURN 

Labels  3  and  4  atore  a 
Labels  5  and  6  store  a 
Labels  7  and  8  store  a 


"4"  in  Register  001 
•'5''  in  ROOl. 

"6'*  in  ROOl. 


Next  labels  3,5  and  7  recall  Registers  A  and  B 
and  divide  Register  B  (1200)  into  Register  A. 

This  number  is  now  stored  In  Register  J. 

Labels  4,6,8  recall  registers  A  and  C  and 
divide  Register  C  (1160)  into  Register  A. 

This  number  Is  now  stored  In  Register  J. 

The  program  returns  to  Step  0213.  Next  Register  J 
Is  recalled  and  stored  In  Register  005.  Label 
99  Is  then  addressed 


0353 

LBL 

— 

00 

0355 

PRNTc( 

0357 

I 

0358 

N 

0359 

V 

0360 

ft 

0361 

L 

0362 

I 

0363 

0364 

D 

0365 

E 

0366 

N 

0367 

T 

0368 

R 

0369 

Y 

0370 

Lit; 

0371 

M 

0372 

0373 

M 

0374 

R 

0375 

R 

0376 

0377 

G 

0378 

03:9 

E 

0330 

C 

0381 

H 

0382 

0 

0383 

c 

0384 

E 

0385 

N 

0386 

LINE 

0387 

LINE 

0388 

E 

0389 

N 

0390 

T 

♦ 

0391 

E 

0392 

R 

0393 

LINE 

0394 

C 

0395 

0 

0396 

R 

0397 

R 

0398 

E 

0399 

C 

0400 

0401 

T 

0402 

R 

0403 

FI 

0404 

N 

0405 

G 

0406 

E 

0407 

EKDo' 

0408 

LBL 

— 

0 

0410 

LBL 

— 

0 

0412 

GOTO 

0414 

END 

File  -1 


Label  00  la  an  error  meeaage  that  la  printed 
whan  a  nuaiber  greater  than  1  la  entered  for 
the  aaq^llfler  range. 
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FIIZ  -2 


FILE 

TYPE 

0 

USED 

260 

1000 

0  0  0  0 

NOP 

0001 

NOP 

0002 

NOP 

0  0  0  3 

FIX 

0  0  0  5 

PRHTo: 

0007 

n 

0  0  0  8 

E 

0009 

C‘ 

0  0  1  0 

i 

001  1 

G 

0012 

0  0  1  3 

N 

0014 

T 

0015 

0 

0  0  1  6 

L 

0017 

E 

0013 

R 

0  0  1  9 

fl 

0  0  2  0 

N 

0021 

C 

0022 

E 

0023 

EHD'^ 

0  0  2  4 
0026 

PPHTo: 

00  2  7 

1... 

0028 

a 

0  0  2  9 

I. 

0  0  3  0 

* 

0031 

= 

0032 

r"i 

0033 

ENri'=( 

0  0  3  4 

STOP 

0  0  3  5 

PRINT 

0  036 

STO 

0023 
0  0  4  0 

PPHTo: 

0041 

u 

0042 

• 

0043 

L 

004  4 

0045 

= 

0  0  4  6 

O 

00  47 

ENIic< 

0048 

STOP 

0  0  4  9 

PRINT 

0  0  5  0 

STO 

DATA  TAPE  FILE  Loaded  from 

File  -1 


"Design  Tolerance"  Is  printed. 


Xhe  Program  asks  for  the  Lower  Limit  Value. 
The  Lower  Limit  Is  entered  from  the  keyboard, 
Is  stored  In  Register  Oil  and  printed  on 
the  tape. 


Xhe  Program  asks  for  the  Upper  Llailt  Value. 
The  Upper  Limit  Is  entered  from  the  Keyboard, 
stored  In  Register  012,  and  Is  printed  on 
the  tape. 
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nu  -2 


00,52 

PKNTo: 

0054 

b 

0055 

fl 

0056 

G 

0057 

0058 

E 

0059 

S 

0060 

E 

0061 

T 

0062 

- 

0063 

IJ 

0064 

P 

0065 

0066 

0  0  6  7 

* 

0068 

* 

0069 

* 

0070 

ENric< 

0071 

0073 

PRHT':< 

0074 

N 

0075 

0 

0076 

M 

0077 

I 

0078 

N 

0079 

fi 

0  0  S  0 
0081 

L 

0082 

0083 

I 

0084 

c. 

0085 

E 

0086 

= 

0087 

0 

008  3 

ENDol 

0089 

STOP 

0090 

PRINT 

0091 

STO 

0093 

0095 

PRNTtf. 

0096 

L 

0097 

0 

0098 

W 

0099 

E 

0100 

0101 

R 

0102 

L 

0103 

I 

0104 

M 

0105 

I 

0106 

T 

0107 

= 

0108 

o 

0109 

EHD^ 

©110 

STOP 

011  1 

PRINT 

0112 

STO 

"G«ge  Set  Up"  Is  printed. 


The  Nominel  Slee  !•  requested.  The  Nomlnel 
Slsse  is  entered  from  the  keyboard,  stored 
In  Register  030  end  printed  on  the  tape. 


The  Lower  Limit  velue  Is  then  requested  end 
^en  entered  from  the  keyboard.  It  Is  stored 
In  Register  029  and  printed  on  the  tape. 


R029 
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0114  PRHTo: 
0116 
0117  LI 
0118  P 
0119  P 
0120  E 
0121  R 
0122 
0123  L 
0124  I 
0125  H 
0126  I 
0127  T 
0128  = 

0129 

0130  ENl'c; 
0131  STOP 
0132  PRINT 
0133  STO 
0135  PRNTo: 
0137  LINE 
0138  I 
0139  F 
0140 
0141  0 
0142  K 
0143  J 
0144 
0145  P 
0146  R 
0147  E 
0148  S 
0149  S 
0150  LINE 
0151  R 
0152  U 
0153  H 
0154  / 
0155  S 
0156  T 
0157  0 
01‘=;fi  p 
0159  » 

0160 
0161  E 
0162  L 
0163  S 
0164  E 
0165  LINE 
0166  P 
0167  R 
0168  E 
0169  S 
0170  S 
0171 
0172  0 
0173  EHD'j: 
0174  STOP 
0175  GOTO 


R031 


L  2  0 


File  -2 


The  Upper  Limit  Value  is  then  requested. 

The  Upper  Limit  is  entered  from  the  Keyboard, 
is  stored  in  Register  031  and  is  printed 
on  the  tape. 


"If  Ok,  Press  Run/Stop,  else  Press  0" 
is  printed. 


Label  20  is  addressed  if  Run/Stop  is  pressed. 
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File  -2 


0177 

01^9 

01S1 

0193 

01  E5 
0197 
0138 
0189 
0 1 90 
0191 
0192 
0193 
0194 
0195 
0198 
0197 
0198 
0199 
0200 
020  1 
020- 
020  i 


L  B  L 
0 

L  EL 
0 

G 1. 1  '•  0 
L8L 
20 

FPNTc- 

T 

0 

E 

H 

D 

D 

fi 

T 

I? 

LINE 

E 


0  0  0  0 


If  "0”  wee  pressed .Double  l«bel  0  is 
sddressed  and  program  returns  to  Step  0000 
and  starta  over  again. 


-  Label  20  • 

If  Run/Stop  waa  pressed ,  label  20  la 
addressed  and 


"To  End  Data  Entry, 
Prasa  Stop/A 


02 1  9 
0220 
0221 
0222 
0223 
0224 
0225 


0  0  4 

« 

0228 

E 

0205 

0  227 

C 

0  2  0  0 

F 

0228 

I 

0  2  0  7 

P 

0229 

0  2  0  8 

E 

0220 

n 

y2  09 

0231 

p 

0 .  10 

0222 

T 

021  1 

inf: 

0253 

8 

0212 

0234 

LINE 

021  3 

T 

02  35 

P 

0  2  1  4 

0 

0238 

H 

0"  15 

p 

0237 

T 

0’  ■  1  8 

02  28 

P 

f  i  ■’ 

P 

0239 

Y 

r 

LINE 

024  0 

■ 

024  1 

0242 

P 

0242 

P 

0244 

F 

0245 

o 

0246 

S 

024? 

LINE 

0248 

8 

0249 

T 

025( 

0 

0251 

F' 

0252 

0253 

B 

0254 

ENIio( 

0255 

CLEfiR 

0258 

3 

0257 

f  i- 

0253 

LUiGO 

0259 

END 

To  Correct  Data  Entry, 
Preaa  Stop/B" 
la  printed  on  tape. 


File  -3  Is  then  loaded 
Into  the  computer 
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File  -3 


FILE  -3 
TYPE  0 

USED  3s 5 

MAX  1O0Q 


0000  NOP 
0001  NOP 
0002  NOP 
0003  NOP 
0004  NOP 
0005  NOP 
0006  NOP 
0007  NOP 
0008  NOP 
0009  1 
0010  7 
0011  0 
0012  #REGS 
0013  FIX  6 
0015  FRNTo: 
0017  E 
0 1': !  0 
00,:.':^  " 

0£-'  '■ 

00... : 

00,’' 


Steps  0009  through  0012  open  up  170 
Registers  for  memory  storage.  The 
calculator  is  set  to  display  data  to 
six  significant  digits. 


Steps  0015  through  0044  print  the  message: 

"Enter  Data" 

******** 


■1  A 

T 

■■  r;:  A 

. '  !.  INE 

0  ..  '  - 

0  03  y  ?■ 

003 

00  3  2  * 

0  0  3  3 
0  0  3  4  :■ 

0035 
0034  + 

00  37 
0038 
0  3 

0.-10  * 
i‘- 'i  1 
0;M3  > 

00  43 

0044  LND'4 
0045  4 
0046  0 

0047  STo  G 

0048  GOTO  L88 

0050  NOP 
0051  NOP 


The  Constant  "40"  is  stored  in  Register  G. 
Label  88  is  addressed. 
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File  -3 


LABEL  88 

Register  H  is  recslled  end  is  placed  in 
the  X  Register  of  the  stsck.  At  the 
beginning  of  the  progrsm,  Register  H  is 
esipty  and  a  sero  will  be  placed  in  the 
X  Register.  This  nuiid>er  is  also  displayed 
digit  form  on  the  HP  9815  Computer. 
Register  H  functions  ss  a  counter  for  the 
nuiid>er  of  data  measurements  taken. 


0052 

LBL 

— 

8  y 

0054 

RCL 

H 

0055 

CALL 

4G 

0057 

IF  + 

0058 

GOSUB 

G 

0060 

RCL 

H 

0061 

PfiUSE 

0062 

GOTO 

LBS 

0064 

STOP 

"Stat  4”  Step  is  requested.  This  Step 
Checks  the  peripheral  to  see  if  the 
foot-switch  has  been  depressed.  If  it 
has,  data  is  ready  to  be  stored  into  the 
cosiputer  and  sub  label  C  is  addressed. 

If  the  footswitch  has  not  yet  been 
depressed,  Register  H  is  recalled 
again  and  displayed. 

Label  88  is  again  addressed.  This  label 
will  continue  displaying  the  current 
number  of  entries  taken  until  the  foot- 
switch  is  depressed. 


I 

it 

K 


j 
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File  -3 


0065 

LBL 

— 

G 

0067 

RCL 

G 

0  0  6  8 

1 

0069 

+ 

0070 

STO 

G 

0071 

1 

0072 

STO 

A 

0073 

d 

0074 

5 

0  0  7  5 

STO 

F 

0  0  7  6 

CL  ERR 

0077 

d. 

0  8 

EHTERt 

0i::i7  9 

COLL 

4K 

0  0  8  1 

i;  fl  L,  L. 

4A 

0083 

FOR 

A->F 

0084 

NEXT 

A 

0  0  8  5 

CLEAR 

8  0  8  6 

CALL 

4K 

0  0  8  8 

CALL 

4fl 

0  0  9  0 

RCL 

J 

0  0  9  i 

0  092 

RCL 

R0  3 

0  6  9  4 

+ 

0095 

STO  I 

G 

0  0  9  7 

PRINT 

LABEL  G 


Register  G  is  recalled,  "1"  is  added  to 
it  and  restored  in  Register  G. 


An  A  —  F  "For  Next"  loop  is  set  up 
storing  "1"  in  Register  A  and  "25"  in 
Register  F. 

The  Register  Stack  is  cleared  and  a  "2" 
is  put  into  the  X  and  Y  Register.  A  2 
in  the  Y  Register  of  the  stack  identifies 
the  handshake  between  the  computer  and 
the  peripheral  as  a  pulsed  handshake 
(Mode  2).  This  handshake  is  repeated 
25  times  during  the  "For  Next"  loop. 

This  gives  sufficient  time  to  complete 
transfer  of  data  from  the  peripheral  to  the 
computer . 

When  the  Program  completes  the  loop, 
the  stack  is  cleared  and  another  handshake 
is  completed.  This  time  a  handshake  made 
0  is  performed  and  the  data  that  is  latched 
by  the  computer  and  stored  in  the  X  Register 
is  multiplied  by  the  contents  of  Register  J 
(Interface-Amplifier  Scaling  Factor)  and 
is  added  to  Register  30  (Nominal  Size)  . 


The  product  is  stored  in  the  Register  number 
indicated  by  Register  G  (starting  with 
41  and  continuing  in  unit  intervals  un<.li  there 
^  a  nn  Tnnre  data)  .  The  data  is  printed  V'.  the 


tape. 
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0120  LBL 

- E 

0122  LBL 

- B 

0124  PRNTc; 
0126  E 
0127  R 
0128  R 
0129  0 
0130  R 
0131  * 

0132  L 
0133  fi 
0134  S 
0135  T 
0136 
0137  E 
0138  N 
0139  T 
0140  R 
0141  Y 
0142 
0143  H 
0144  2 
0145  L 
0146  E 
0  M  7  T 
0148  E 
0149  n 
0 1 5  0  L,  I  \-\  E 
0151 
0152 
0153 
0154 
0155  H 
0156  E 
0157  W 
0158 
0159  E 
0160  N 
0161  T 
0 1  6  2  R 
0 1 6  3  Y 
0164  LINE 
0165  V 
0166 
0167  V 
0168 
0169  V 
0170 
0171  V 
0172 
0173  V 
0174 
0175  V 
0176 
0177  V 
0178 
0179  V 
0180 

0181  ENDc.: 


File  -3 


Double  Label  B  is  addressed  when  a 
correction  is  to  be  made.  It  prints 


"Error  *  Last  Entry  Deleted 


New  Entry  V  V  V  V  V  V  V  V" 
and  continues. 
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Pile  -3 


0246 

RCL 

.G 

0247 

4 

0248 

1 

0249 

- 

0250 

PRNTflf 

0252 

0253 

PRINT 

0254 

D 

0255 

fi 

0256 

T 

0257 

0258 

R 

0259 

E 

0260 

N 

0261 

T 

0262 

R 

0263 

I 

0264 

E 

0265 

S 

0266 

EHDot 

0267 

RCL 

R025 

0269 

PRNT':< 

0271 

D 

0272 

fl 

0273 

T 

0274 

0275 

fl 

0276 

R 

0277 

E 

0278 

C 

0279 

0 

0280 

R 

0281 

D 

0282 

E 

0283 

D 

0284 

LINE 

0285 

I 

0286 

0287 

N 

0288 

F 

0289 

I 

0290 

L 

0291 

0292 

E 

0293 

0294 

PRINT 

0295 

ENDct 

0296 

NOP 

0297 

NOP 

0298 

NOP 

0299 

RCL 

R025 

0301 

1 

0302 

+ 

«303 

STO 

R025 

Register  G  ie  recalled.  41  Is  subtracted  from  it. 


This  value  is  the  number  of  data  entries  taken  and 
is  printed  on  the  tape  as  such. 

Register  025  is  recalled  (Hole  Number)  to  identify 
the  file  in  which  the  data  is  stored.  (Piles  1 
through  29) .  The  message  "Data  Recorded  in  Pile 
is  printed  with  the  number  in  Register  025. 


Register  025  is  recalled,  "1"  is  added  to  it 
and  it  is  restored  in  Register  025. 
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FILE  -3 


0305  PRNTc; 

0307  N 
0308  E 
0309  X 
0310  T 
0311 
0312  H 
0313  0 
0314  L 
0315  E 
0316 

0317  PRINT 
0318  ENDot 
0319  CLEAR 
0320  SPACE 
0321  SPACE 
0322  SPACE 
0323  SPACE 
0324  RCL  R025 
0326  PRNTt< 

0328  H 
0329  0 
0330  L 
0331  E 
0332 
0333  N 
0334  0 
0335  . 

0336  PRINT 
0337  ENDot 
0338  0 

0339  STO  H 

0340  GOTO  0000 

0342  END 


A  "Next  Hole"  meteege  ie  printed  on 
the  tape  with  the  new  nuniber  In  Regleter 
025. 


The  eteck  le  cleared  and  Regleter  025 
Is  recalled.  The  massage  "Hole  Hunter" 
j_5  printed  with  the  nuater  In  Register  025. 


A  taro  Is  stored  In  H  (Data  Entry  Counter) , 
the  program  Jumps  back  to  stap  0000  and  the 
data  entry  process  Is  repeated. 


53 


File  -8 


FILE 

-8 

TYPE 

0 

USED 

3  3  8 

MRY 

1  0  0  0 

0  0  0  0 

NOP 

0  6  0  1 

1 

0  0  0  2 

r* 

0003 

0 

0004 

#REGS 

0005 

RCL 

R025 

0007 

0 

0  0  0  8 

IF  X<Y 

0  0  0  9 

G  0  T  0 

0  0  8  6 

0011 

IF  0 

0  0  1  2 

PRHT'.': 

0  0 1  4 

I 

6  0  1 5 

N 

0  0  1  6 

0017 

E 

0  0  1  8 

R 

0  0  1  9 

T 

0020 

0021 

D 

0  0  2  2 

R 

0023 

T 

0  C  2  4 

fi 

0025 

0026 

T 

0027 

R 

00  28 

P 

0029 

E 

0 '  ■  -  3  0 

ENDo: 

0  U  3  1 

STOP 

0032 

SPACE 

0  0  3  3 

F I K 

0 

0035 

PRNTc: 

0037 

H 

0038 

0 

0  0  3  9 

L 

0040 

E 

0041 

0042 

N 

0043 

0 

0044 

■ 

0045 

0046 

9 

0047 

ENDo; 

0048 

STOP 

0049 

PRINT 

0050 

STO 

R02! 

170  Registers  are  opened  for  storage. 


The  message  "Insert  Data  Tape"  is  printed. 


When  Data  Tape  Is  inserted,  Run/Stop  is 
pressed  to  continue. 


The  Hole  Number  is  requested  . 


It  is  stored  in  Register  025. 
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File  -8 


0052 

SPACE 

0053 

CLX 

0054 

FIX 

0056 

1 

005? 

-y 

l' 

005S 

0 

0059 

#REGS 

006  0 

0 

0061 

0 

0062 

ENTERt 

0063 

RCL 

0065 

LORD 

0  0  6  6 

PRHTo: 

0  0  6  8 

I 

0  0  6  9 

H 

0070 

C 

0071 

E 

0072 

R 

0073 

T 

0074 

0075 

P 

0076 

R 

0077 

G 

0078 

M 

0079 

0080 

T 

008  1 

fi 

0082 

P 

0083 

E 

0084 

ENDci 

0085 

STOP 

0086 

SPACE 

0087 

SPACE 

The  File  identified  by  the  number  in 
Register  025  is  loaded  into  memory. 


The  message  "Insert  Program  Tape"  is 
printed. 
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Re25 


0088  PRHT«( 
0090 
0091  . 

0092  * 
0093  . 

0094  ♦ 
0095  . 

0096  * 
0097  . 

0098  * 
0099  . 
0100  * 
0101  . 
0102  » 
0103  . 
0104  * 
0105  . 
0106  END« 


0107  RCL 
0109  PRNTflt 
0111  P 
0112  R 
0113  0 
0114  J 
0115  E 
0116  C 
0117  T 
0118 
0119  1 
0120  0 
0121  0 
0122  0 
0123  LINE 
0124  D 
0125  R 
0126  T 
0127  fl 
0128 
0129  fi 
0130  N 
0131  n 
0132  L 
0133  Y 
0134  S 
0135  I 
0136  S 
0137  LINE 
0138  F 
0139  0 
0140  R 
0141 
0142  H 
0143  0 
0144  L 
0145  E 
0146 
0147  N 
0148  0 
0149  . 

0150 

0151  PRINT 
0152  END«« 
0153  SPACE 
0154  PRNTc( 
0156  ♦ 

0157 
0158  ♦ 

0159 
0160  * 

0161 
0162  * 

0163 
0164  * 

0165 
0166  * 

0167 
0168  * 

0169 
0170  ♦ 

0171 

0172  ENDct 


Fll«  -8 


Steps  0088  through 
0172  print  the  message 
below  on  the  tape. 


*.*•*.*■*.*•*•*• 
PROJECT  1000 
DATA  ANALYSIS 
FOR  HOLE  NO.  1 

******** 
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File  -8 


! 


0173  RCL  R016 

0175  PRNTot 
0177  D 
0178  fl 
0179  T 
0180  E 
0181 

0182  PRINT 
0183  ENFo{ 

0184  RCL  R017 

0186  PRNTcf 

0188  D 

0189  FI 

0190  T 

0191  fl 

0192 

0193  S 

0194  0 

0195  Ll 

0196  R 

0197  C 

0198  E 

0199 

0200  PRINT 
0201  ENDo! 

0202  RCL  R015 
0204  PRNToJ 
0206  D 
0207  fl 
0208  T 
0209  fl 
0210 
0211  L 
0212  0 
0213  T 
0214 

0215  PRINT 
0216  ENDoi 
0217  RCL  R025 
0219  PRNTot 
0221  H 
0222  0 
0223  L 
0224  E 
0225 
0226  N 
0227  0 
0228  . 

0229 

0230  PRINT 
0231  ENDot 


Register  016  (Date  of  Data  Entry)  Is 
recalled  and  printed. 


Register  017  (Data  Source)  is  recalled  and 
printed. 


DATE  0 
DATA  SOURCE  0 
DATA  LOT  0 
HOLE  NO.  1 


Register  015  (Data  Lot)  Is  recalled  and 
printed. 


Register  025  (Hole  Nunber)  is  recalled 
and  printed. 


! 

» 


File  -8 


0294 

0296 

PRNTo: 

029? 

LI 

0298 

P 

0299 

P 

0300 

E 

0301 

0302 

P. 

0303 

L 

0304 

I 

0305 

M 

0306 

I 

030? 

T 

0308 

= 

0309 

EH  Do: 

0310 

CLEflP 

0311 

RCL 

0313 

PRINT 

0314 

PRHTo: 

0316 

031? 

* 

0318 

0319 

0320 

0321 

* 

0322 

0323 

* 

0324 

0325 

* 

0326 

032? 

* 

0328 

0329 

* 

0330 

0331 

0332 

ENDc< 

0333 

CLEAR 

0334 

9 

0335 

+  #- 

0336 

LDS.:G0 

033? 

END 

Register  012  (Upper  Limit)  is  recalled 
and  printed. 


File  -9  is  loaded  into  the  computer. 
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FILE 

-•  9 

TYPE 

0 

USED 

602 

MAX 

1000 

0  0  k'i  U 

NOP 

0  0  ■  :*  1 

NOP 

0  0  0  2 

CLERP. 

0  k)  0  O 

CLRR^"  J 

0  0  0  ■! 

1 

0  0  tj  k. 

0  0  0.b 

0 

000  7 

ttREGS 

0  0  0  8 

FIX 

6 

0  0  1  0 

CLX 

001  1 

4 

00  1  2 

1 

00  1  3 

STO 

fl 

0  G  1  4 

1 

0015 

“7 

l' 

0016 

0 

0017 

STO 

F 

0018 

FOR 

0019 

RCL  I 

fl 

0021 

IF  0 

0022 

GOTO 

D 

0024 

GOSUB 

G 

0026 

NEXT 

n 

The  Stack  la  cleared. 

Register  A  through  J  are  cleared  and  170  Registers 
are  opened  up  for  data  storage. 


A  FI*  6  is  put  in  to  print  the  data  to  6  significant 
digits. 

"CLX"  clears  the  X  Register  in  the  stack. 


An  A-F  "For  Next”  loop  is  set  up. 


41  is  stored  in  Register  A. 


,70  1.  .tor«i  in  Rnl«er  F.  Thl.  f*?””  'J**! 

lata  one  Register  at  a  tiae  starting  with 

ind  continues  until  it  comes  to  a  Register  with  no 


M  ^  f*  4  nn 


4  4. 


When  a  sero  is  found,  label  D  is  addressed  (0217). 

As  Data  is  removed  by  the  "For  Next”  loop,  Sub  Label  G 
la  addressed. 


When  the  SubRoutlne  is  complete, 
to  step  026  and  recycles  the  A-F 
the  next  data  entry. 


the  program  returns 
"For  Next"  loop  for 
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File  -9 


0027 

l.BL 

— 

b 

0  0  2  9 

PCL  I 

R 

0031 

STO 

H 

0932 

£:  U  f'1  + 

00  3  3 

CL  ERR 

0  0  3  4 

RCL 

R018 

0  0  3  6 

IF  0 

0037 

G  0  T  0 

LI  1 

0  0  3  9 

G  0  T  0 

L12 

0041 

1.  BL 

— 

1  1 

0  0  4  3 

RCL 

H 

0  0  4  4 

t"«i  rii  i  iiT 

STO 

!  t 

R018 

y  y  *'1  b 

L.  b  L 

1  •:« 

4.  Urn 

0  ti  4  0 

CLEAR 

y  y  4  7 
0  0  5  1 

h,  L  L 

F:  C  L 

r.  u  X 

H 

0052 

IF  K<Y 

0053 

STO 

R018 

0055 

C  L  E  fi  R 

0  0  5  6 

RCL 

R014 

0  0  5  8 

RCL 

H 

0  0  5  9 

IF  X2'i 

0  0  €  0 

STO 

ROM 

0062 

CLEAR 

—Label  G— 

Each  data  entry  la  stored  In  Register 
H  and  summated.  The  stack  is  cleared  and 
Register  18  Is  recalled. 

If  Register  18  Is  empty  (zero),  label  11 
is  addressed. 

When  Register  18  contains  data,  label  12 
is  addressed. 

—Label  11” 

Register  H  is  recalled. 

It  is  stored  in  Register  18. 

Label  12  is  programmed  in  next. 

-Label  12- 

The  stack  is  cleared. 

Register  18  is  recalled. 

Register  H  is  recalled  and  is  compared 
to  Register  18. 

If  Register  H  is  smaller  than  Register  18, 
the  stack  is  cleared. 

Register  14  is  recalled. 

Register  H  is  recalled  and  is  compared 
to  Register  14. 

If  Register  H  is  equal  to  or  greater  than 
Register  14,  it  is  stored  in  Register  14. 

If  Register  H  is  smaller  than  Register 
14,  the  stack  is  cleared. 
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File  -9 


0  0  6  3 

RCL 

R01  1 

0  0  S  J 

1 

0  0  6  6 

0 

0  0  6  7 

0 

0  0  6  8 

0 

0069 

0070 

iHT 

0071 

STO 

R  0  0  0 

0073 

RCL 

R01  1 

0075 

1 

0076 

0 

0077 

0 

0078 

0 

0  0  7  9 

0 

0  0  8  0 

+ 

0081 

IHT 

0082 

RCL 

R  0  0  0 

0084 

1 

0  0  8  5 

0 

0086 

0087 

0  0  8  8 

1 

0089 

IF  X<Y 

0  0  9  0 

GOTO 

L50 

0092 

RCL 

H 

0  0  9  3 

RCL 

R01 1 

0095 

0096 

0 

0097 

iT'i  i.T'i  0  0 

6 

U  U  1?  o 

0099 

w 

1 

0  1  0  0 

- 

0101 

IF  K'^;y 

0102 

G  0  T  0 

L03 

0104 

G  0  T  0 

L51 

0106 

LBL 

— 

50 

0108 

RCL 

H 

0109 

RCL 

R01 1 

0111 

IF  X<Y 

0112 

GOTO 

L03 

0114 

LBL 

— 

51 

0 1 1 6 

RCL 

H 

0117 

FFlNTc: 

0119 

PRINT 

0120 

- 

0121 

- 

0122 

- 

0123 

- 

0124 

£ND':< 

0125 

GOTO 

Li. ... 

Steps  0063  through  0112  analyze  the  value  of  the 
Lower  Limit  specification. 

Register  Oil  is  recalled.  This  number  is  multiplied 
by  1000  and  its  integer  Is  taken.  This  number  is 
stored  In  Register  000. 


Register  Oil  is  recalled  again  and  is  multiplied 
by  10,000.  The  integer  of  this  number  is  taken. 


Register  000  is  recalled  and  multiplied  by  10. 


This  number  is  then  subtracted  from  the  above  number. 

If  the  difference  is  greater  than  one,  Label  50 
is  addressed. 

If  the  difference  is  one  or  zero.  Register  H  is 
recalled.  Register  011  is  recalled  and  .0001  is 
subtracted  from  it.  This  number  is  compared  to 
Register  H. 


If  Register  H  is  greater  than  that  number.  Label  03 
is  addressed. 

If  Register  H  is  less  than  that  number  Label  51  is 
addressed . 


-  Label  50  - 

Register  H  is  recalled.  Register  Oil  is  recalled. 
These  numbers  are  compared. 

If  Register  Oil  is  less  than  Register  H,  Label  03 
is  addressed.  This  label  analyzes  the  Upper  Limit 
specification. 

If  Register  Oil  is  greater  than  Register  H,  Label  51 
is  addressed. 


-  ;,abel  51  - 


Register  H  is  recalled.  It  is  printed  with  4  minus 

signs  ( - )  to  signify  an  out  of  tolerance  condition. 

Label  06  la  then  addressed. 
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-  Label  03  - 


File  -9 


0127  LBL 

- 03 

0129  RCL 
0131  1 
0132  0 
0133  0 
0134  0 
0135  * 

0136  INT 
0137  STO 
0139  RCL 
0141  1 
0142  0 
0143  0 
0144  0 
0145  0 
0146  * 

0147  I  NT 
0148  RCL 
0150  1 
0151  0 
0152  * 

0153  - 
0154  1 
0155  IF  X<Y 
0156  GOTO 
0158  RCL 
0160  . 

0161  0 
0162  0 
0163  0 
0164  5 
0165  + 

0166  RCL 
0167  IF  X<Y 
0168  GOTO 
0170  GOTO 
0172  LBL 

- 52 

0174  RCL 
0176  RCL 
0177  IF  X<Y 
0178  GOTO 
0180  LBL 
----  53 
0182  PRNTo: 
0184  PRINT 
0185  + 

0186  + 

0187  + 

0188  + 

0189  ENDtf. 
0190  GOTO 
0192  LBL 

-  04 

0194  RCL 
0195  PRINT 
0196  GOTO 


R012 


R000 
Re  12 


R000 


H 

L04 

L53 


R012 

H 


L04 


1.06 


H 


Steps  0129  through  0170  analyze  the  value  of  the 
Upper  Limit  specification. 


Register  012  (Upper  Limit  Tolerance)  is  recalled. 

This  number  is  multiplied  by  1000.  The  ^“tepr 
this  number  is  taken  and  it  is  stored  in  Register  000. 


Register  012  is  recalled.  It  is  multiplied  by 
10,000.  The  Integer  of  this  number  is  taken. 


Register  000  is  recalled  and  it  is  multiplied  by 
10.  This  number  is  now  subtracted  from  tbe  number 
Just  above. 

If  the  difference  is  greater  than  one,  Label  52 
is  addressed. 

If  the  difference  is  less  than  one.  Register  012 
is  recalled  and  .0005  is  added  to  it.  Register  H 
is  recalled  and  compared  to  that  number. 

If  Register  H  is  less  than  that  number.  Label  04 
is  addressed. 

If  Register  H  is  greater  than  that  number.  Label  53 
is  addressed. 


-  Label  52  - 

Label  52  recalls  Registers  012  and  H. 

They  are  compared. 

If  Register  H  is  less  than  Register  012 
Label  04  is  addressed. 

If  Register  H  is  greater  than  Register  012 
Label  53  is  programmed  in. 

-  Label  53  - 

Label  53  prints  the  data  with  4  plus  signs 
to  signify  an  out  of  tolerance  condition.  Label  06 

is  then  addressed. 


-  Label  04  - 

Label  04  recalls  Register  H  and  prints  the  data 
on  the  tape.  Label  06  is  then  addressed. 


L06 
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File  -9 


01 

98 

LBL 

— 

06 

02 

fl0 

RCL 

R 

02 

01 

4 

02 

02 

■r 

02 

03 

STO 

R000 

02 

05 

I  NT 

02 

06 

STD 

R002 

02 

08 

RCL 

R  0  0  0 

02 

10 

RCL 

R002 

02 

12 

- 

02 

13 

IF  0 

02 

:14 

SPACE 

02 

;15 

RCL 

H 

02 

;16 

RETURN 

-  Label  06  - 


Register  A  Is  recalled, 
stored  In  Register  000. 
Is  taken.  This  number 


It  is  divided  by  4  and 
The  Integer  of  the  number 
is  stored  Register  002. 


Register  002  is  subtracted  from  Register  000. 

If  there  is  no  difference,  a  space  is  inserted 
on  the  tape.  Register  H  is  recalled  and  the 
program  returns  to  Step  0026. 

If  there  is  a  difference.  Register  H  is  recalled 
and  the  Program  returns  to  Step  0026. 


0217 

LBL 

— 

n 

0  2  1  9 

LBL 

— 

n 

0221 

RCL 

c 

0  ^  ^ 

STO 

R023 

0224 

RCL 

n 

0225 

STO 

R024 

0227 

RCL 

E 

0228 

b  T  0 

R026 

0  2  3  0 

MN^SIi 

0231 

STO 

R019 

0233 

X#Y 

0234 

STO 

R020 

-  Label  D  - 

egister  C  is  recalled  and  stored  in  Register  023 

eglster  D  is  recalled  and  stored  in  Register  024 

egister  E  is  recalled  and  stored  in  Register  026 

ean  is  stojred  in  Register  019. 

tandard  deviation  is  stored  in  Register  020. 
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File  -9 


0284  PRNTo! 
0286  = 


0287 

0283 

r 

0289 

0290 

- 

0291 

0292 

= 

0236 

PRHTo: 

0293 

0238 

ih 

0294 

0239 

0295 

0240 

0296 

= 

0241 

0297 

0242 

0298 

= 

0243 

0299 

0244 

it 

0300 

= 

0245 

0301 

0246 

0302 

ENDc< 

0247 

0303 

RCL 

0248 

0304 

FIX 

0249 

0306 

4 

0250 

ih 

0307 

1 

0251 

0308 

- 

0252 

a 

0309 

STO 

0253 

0311 

PRNTo; 

0254 

ENDc: 

0313 

PRINT 

0255 

PRNTo: 

0314 

0257 

0315 

D 

0258 

0316 

fl 

0259 

E 

0317 

T 

0260 

0318 

fi 

0261 

Ii 

0319 

0262 

0320 

E 

0263 

0 

0321 

N 

0264 

F 

0  3  2  2 

T 

0265 

0323 

R 

0  2  6  6 

D 

0324 

I 

0267 

fi 

0325 

E 

0263 

T 

i 

0326 

C; 

0269 

fi 

0327 

ENDo: 

0270 

EH  Do; 

0328 

PRNTo: 

@271 

PRHT'.’: 

0330 

0273 

fi331 

0274 

■0332 

= 

0275 

0^33 

0276 

0334 

= 

0277 

0335 

0278 

0336 

= 

0279 

■4, 

0337 

0230 

* 

0338 

= 

0281 

0339 

0282 

EHDo! 

0340 

= 

0283 

SPfiCE 

0341 

0342 

= 

0343 

0344 

= 

0345 

0346 

ENDo! 

Steps  0236  through 
0346  print  the  message 
below. 

■fir  ^ 

END  OF  DfiTR 


20  DfiTR  ENTRIES 


Register  A  Is  recalled. 
41  Is  subtracted  from 
It.  This  number  is 
stored  In  Register  13. 

Register  13  stores  the 
number  of  data  entries. 
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File  -9 


034?  SPACE 
0348  PRNT-:< 

0350  H 
0351  0 
0352  L 
0353  E 
0354 
0355  S 
0356  I 
0357  Z 
0358  E 
0359  * 

0360  ENDot 
0361  PRNTo: 

0363 
0364 
0365  U 
0366  P 
0367  P 
0368  E 
0369  R 
0370 
0371  L 
0372  I 
0373  M 
0374  I 
0375  T 
0376  = 

0377  ENDci 
0*378  FIX  6 

0380  RCL  R012 

0382  PRINT 
0383  PRNTo! 

0385 
0386 
0387  L 
0388  0 
0389  W 
0390  E 
0391  R 
0392 
0393  L 
0394  I 
0395  ri 
0396  I 
0397  T 
0398  = 

0399  ENDc< 

0400  RCL  R011 
0402  PRINT 


Steps  0347  through  0422  print  the  aessage 
below: 


Register  012  is  recalled  (Upper  Limit) 
and  printed. 


HOLE  SIZE* 
UPPER  LIMIT= 
0.315000 
LOWER  LIMIT= 
0.312000 


Register  Oil  is  recalled  (Lower  Limit)  and 
printed. 


0403  PRNTc< 
0405  = 

0406 
0407  = 

0408 
0409  = 

0410 
0411  = 

0412 
0413  = 

0414 
0415  = 

0416 
0417  = 

0418 
0419  = 

0420 

0421  ENDct 
0422  SPACE 
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0423  PRNToi 
0425  H 
0426  I 
0427  G 
0428  H 
0429  E 
0430  S 
0431  T 
0432 
0433  R 
0434  E 
0435  fl 
0436  D 
0437  I 
0438  N 
0439  G 
0440  = 

0441  ENIio: 

0442  RCL  R014 
0444  PRINT 
0445  PRNT'5: 

0447 
0448 
0449 
0450 
0451 
0452 
0453  * 

0454  * 

0455  * 

0456  EHDtf 
0457  PRNTo: 

0459  L 
0460  0 
0461  W 
0462  E 
0463  S 
0464  T 
0465 
0466  R 
0467  E 
0468  fi 
0469  D 
0470  I 
0471  N 
0472  G 
0473  = 

0474  END-:; 

0475  RCL  R018 

0477  PRINT 

0478  PRNTof 

0480 

0481 

0482 

0483 

0484 

0485 

0486  * 

0487  * 

0488  * 

0489  ENDot 


File  -9 

Steps  0423  through  0489  print  the  message 
below. 


Register  014  is  recalled  (Hipest  Reading) 
and  printed. 


HIGHEST  REflDING= 
0.3133  9  1 
^  # 

LOWEST  REfiDING= 
0.313090 
*** 


Register  018  is  recalled  (Lowest  Reading) 
and  printed. 


67 


File  -9 


0490  PRNTc< 


0492 

M 

0493 

fl 

0494 

1  1 

0495 

■ 

0496 

0497 

0 

0498 

V 

0499 

E 

0500 

R 

0501 

C 

•j 

0502 

I 

0503 

■p 

0504 

E 

0505 

= 

0506 

ENri«< 

0507 

RCL 

0509 

RCL 

0511 

- 

0512 

IF  - 

0513 

0 

0514 

PRNTo: 

0516 

0517 

0518 

0519 

0520 

+ 

0521 

+ 

0522 

+ 

0  5  2  3 

+ 

0524 

PRINT 

0525 

ENDo: 

0526 

PRNTo' 

0528 

0529 

0530 

0531 

0532 

c  j  -iZ)  * 

0536  * 

053?  ENDrt 
0538  PRHTo: 
0540  M 
0541  fl 
0542  X 
0543  . 

0544 
0545  LI 
0546  N 
0547  D 
0548  E 
0549  R 
0550  S 
0551  I 
0552  Z 
0553  E 
0554  = 

;::555  ENDo: 


Steps  0490  through  0593  print  the  message  below: 


Registers  014  and 


012  are  recalled, 

MhX 

M  fl  X 


i:iVERSIZE  = 
++++0. 000000 

LINDERS  I  ZE  = 

- 0. 000000 


Register  012  is  subtracted  from  014. 

If  the  answer  is  negative,  there  is  no  oversize. 


If  the  answer  is  positive,  the  number  is  printed 
as  oversized. 


0556  RCL  R011 

0558  RCL  R01S 

0  5  6  0  - 
0561  IF  - 
0562  0 
0563  PRHTo: 

0565 
0566 
0567 
0568 
0569  - 
0570  - 
0571  - 
0572  - 
0573  PRINT 
0574  -ENDtf 
0575  PRNTo: 

0577  = 

0578 
0579  = 

0580 
0581  = 

0582 
0583  = 

0584 
0585  = 

0586 
0587  - 
0588 
0589  = 

0590 
0591  = 

0592 

0593  ENDtf 
0594  FIX  0 
0596  CLEAR 
0597  1 
0598  0 
0599  +^- 
0600  LD&GO 
0601  END 


Register  011  and  018  are 
recalled. 

Register  018  is  subtracted 
from  Oil. 

If  the  answer  is  negative 
there  is  no  undersize. 

If  the  answer  is  positive 
the  number  is  printed  as 
undersized. 


File  -10  is  loaded  into 
the  computer. 
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File  -10 


FILE  -10 
TYPE  0 

USED  500 

MRX  1000 

0000  HOP 
0001  NOP 
0002  NOP 
0003  NOP 
0004  NOP 
0005  NOP 
0006  NOP 
0007  NOP 
0008  NOP 
0009  NOP 
0010  NOP 
0011  NOP 
0012  FIX  6 
0014  SPfiCE 
0015  PRNTtf 
0017  R 
0018  fi 
0019  N 
0020  G 
0021  E 
0022 
0023  0 
0024  F 
0025 
0026  D 
0027  Fl 
0028  T 
0029  fl 
0030  = 

0031  EHri':^ 

0032  RCL  R014 

0034  RCL  R018 

0036  - 
0037  PRINT 
0038  PRNTf; 

0040  = 

0041 
0042  = 

0043 
0044  = 

0045 
0046  ~ 

0047 
0048  = 

0049 
0050  = 

0051 
0052  = 

0053 
0054  = 

0055 

0056  ENDc( 


A  Fix  6  is  programmed  in  to  print  the  data  to 
6  significant  places. 

Steps  0015  through  0056  print  the  message 
below: 

RfiNGE  OF  riRTfi  = 

0 . 00036  1 


Register  OlA  is  recalled. 

Register  18  is  recalled  and  subtracted  from  014. 

The  difference  is  labeled  as  the  "Range  of 
Data.” 
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File  -10 


0057  SPRCE 
0058  PRHT'-.': 

0060  fl 
0061  R 
0962  I 
0063  T 
0064  H 
0065  . 

0066 
0067  M 
0068  E 
0069  fl 
0070  H 
0071  = 

0072  EHIi'3i 
0073  FIX  6 

0075  RCL  R019 

0077  PRI^^T 
0078  PRHTo; 

0086  3 
0081  T 
0082  B 
0083  . 

0084 


0085 

D 

0036 

E 

0087 

V 

0088 

a 

0089 

= 

0090 

EHDo( 

009  1 

RCL 

R020 

0093 

PRINT 

0094 

RCL 

R013 

0096 

SQRT 

0097 

STO 

fl 

0098 

RCL 

R020 

0109 

RCL 

fl 

0101 

T 

0102 

STO 

fl 

0103 

PRNT':< 

0105 

S 

0106 

T 

0107 

D 

9108 

B 

0109 

0116 

E 

0111 

R 

0112 

R 

0113 

0 

0114 

R 

0115 

S 

0116 

ENDo; 

0117 

RCL 

fl 

01  18 

PRINT 

Steps  0058  throu^  0149  print  the  nessege  below; 


flRITH.  riEflN  = 
0.313239 
STD.  DEV.= 
0.000094 
STD.  ERR0R= 
0.000021 


Register  019  Is  recalled  (Mean)  and  printed. 


Register  020  Is  recalled  (Standard  Dsfvlatlon) 
and  printed. 

Register  013  (Number  of  Entries)  Is  recalled. 

The  square  root  Is  taken  and  that  number  Is 
stored  In  Register  A. 

Register  20  (Standard  Deviation)  la  recalled 
and  Register  A  Is  divided  Into  It. 

The  result  Is  stored  In  Register  A. 

Register  A  (Standard  Error)  Is  recalled  and 
printed. 
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0119  PRMTti 
0121  = 

0122 
0123  = 

0124 
0125  = 

0126 
012?  = 

0128 
0129  = 

0130 
0131  = 

0132 
0133  = 

0134 
0135  = 

0136 

0137  ENDc^ 

0133  PRHTo: 

0140 

0141 

0142 

0143 

0144 

0145 

0146  * 

0147  * 

0148  * 

0149  EHDo< 
0150  SPACE 
0151  SPACE 
0152  SPACE 


0153  FIX  0 

0155  RCL  R025 

0157  PRNT« 

0159  H 
0160  0 
0161  L 
0162  E 
0163 
0164  N 
0165  0 
0166  . 

0167 

0168  PRINT 
0169  ENDc< 

0170  PRNTc< 

0172  * 

0173 
0174  ^ 

0175 
0176  * 

017? 

0178  * 

0179 
0180  * 

0181 
0182  * 

0183 
0184  * 

0185 
0186  * 

0187  EHD':< 

0188  PRNTci 
0190  0 
0191 
0192 
0193  D 
0194  E 
0195  G 
0196  . 

0197 
0198  A 
0199  L 
0200  I 
0201  G 
0202  N 
0203  M 

0204  r 

0205  ENDoc 


File  -10 


Register  025  (Hole 
wiimhar)  Is  recalled 
and  printed. 


The  Header  "0  DBG. 
ALIGNMT”  Is  printed. 


File  -10 


0206 

CLERR 

0207 

FIX 

6 

0209 

4 

0210 

1 

021  1 

STO 

c 

0212 

1 

0213 

?* 

0214 

0 

0215 

STO 

H 

0216 

4 

021? 

STO 

D 

0218 

FOR 

C  H  D 

0219 

RCL  1 

C 

0221 

IF  0 

0222 

GOTO 

L18 

0224 

PRINT 

0225 

NEXT 

c 

0226 

LfiL 

— 

18 

0228 

RCL 

c 

0229 

STO 

fl 

0230 

3 

0231 

+ 

0232 

S  T  0 

F 

0  2  3  3 

F  0  R 

fl'^F 

0234 

RCL 

fi 

0235 

0 

0  2  3  6 

STO  I 

fl 

0238 

NEXT 

fl 

0239 

GOTO 

L20 

A  Fix  6  Is  programmed  In  to  print  the  data  to 
6  significant  places. 

Steps  209  throng  238  set  up  a  "For  Next"  loop. 
41  Is  stored  In  Register  C. 

170  Is  stored  In  Register  H 

4  Is  stored  In  Register  D  to  recall  Indirectly 
the  data  stored  in  Increments  of  4. 

When  It  encounters  a  zero  value  It  programs 
In  label  18. 


Label  18  deletes  any  data  entries  that  mlgjit 
be  In  other  axes  even  though  there  was  a 
zero  value  In  the  zero  axis. 

At  the  end  of  this  process  Label  20  Is  addressed. 
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File  >10 


I 

I 

! 

j 

I 

1 

i 


0241 

LBL 

— 

20 

0243 

SPACE 

0244 

PRHTo< 

0246 

4 

0247 

5 

0248 

0249 

n 

0250 

E 

0251 

G 

0252 

s 

0253 

0254 

A 

0255 

L 

0256 

I 

0257 

G 

0258 

H 

0259 

ri 

0260 

T 

0261 

ENric< 

0262 

4 

0263 

2 

0264 

•  S  T  0 

C 

0265 

1 

0266 

1 

0267 

0 

0268 

STO 

H 

0269 

4 

0270 

STO 

D 

0271 

FOR 

C  +  HD 

0272 

RCL  I 

C 

0274 

IF  0 

0275 

GOTO 

1.21 

0277 

PRINT 

0278 

NEXT 

C 

-  Label  20  - 

In  this  label  the  Header  "45  DEG.  ALIGNMT"  is 
printed . 


Steps  0262  through  0278  set  up  a  "For  Next" 
loop. 

42  is  stored  in  Register  C. 

170  is  stored  in  Register  H. 

4  is  stored  in  Register  D  to  recall  indirectly 
the  data  stored  in  increments  of  4. 

When  it  encounters  a  zero  value  label  21  is 
addressed . 
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File  -10 


Q273 

LBL 

— 

21 

0281 

SPfiCE 

0282 

PRHTo: 

0284 

9 

0285 

0 

0286 

0287 

D 

0288 

E 

0289 

G 

0290 

■ 

0291 

0292 

a 

0293 

L 

0294 

I 

0295 

G 

0296 

H 

0297 

M 

0298 

T 

0299 

EHDc< 

0300 

4 

0301 

•-» 

0r^02 

STO 

c 

0303 

1 

0304 

7 

0305 

0 

0306 

STO 

H 

0307 

4 

0308 

STO 

0 

0309 

FOR 

C->HD 

0310 

RCL  I 

C 

0312 

IF  0 

0313 

GOTO 

L22 

0315 

PRINT 

0316 

NEXT 

C 

-  Label  21  - 

In  this  label  the  Header  "90  DEG.  ALIGNMNT 
la  printed. 


Steps  0300  through  0316  set  up  a  "For  Next 
Loop. 

43  is  stored  in  Register  C. 

170  is  stored  in  Register  H. 

4  is  stored  in  Register  D  to  recall  indirectly 
the  data  stored  in  increments  of  4. 

When  it  encountfers  a  zero  value.  Label  22  is 
addressed. 
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0317 

LBL 

— 

22 

0319 

SPACE 

0320 

PRNTc< 

0322 

1 

0323 

O 

0324 

5 

0325 

0326 

n 

0327 

E 

0328 

G 

0329 

s 

0330 

0331 

A 

0332 

L. 

0333 

I 

0  3  3  4 

G 

0335 

N 

03  36 

M 

0337 

T 

0338 

EHric< 

0339 

4 

0340 

4 

0341 

STO 

C 

0342 

1 

0343 

0344 

0 

0345 

STO 

H 

0346 

4 

0347 

STO 

n 

0348 

FOR 

C-^HD 

0349 

RCL  I 

C 

0351 

IF  0 

0352 

GOTO 

L23 

0354 

PRINT 

0355 

NEXT 

c 

0356 

LBL 

— 

23 

0358 

PRHTo: 

0360 

0361 

0362 

0363 

0364 

0365 

0366 

* 

0367 
0368  * 
0369 
0370  * 
0371 
0372  * 
0373 
0374  * 
0375 

0376  ENDo: 


File  -10 


-  Label  22  - 

In  this  label  the  Header  "135  DEG.  ALIGHMT" 
Is  printed.  h 


Steps  0339  through  0355  set  up  a  "For  Next" 
Loop. 

44  Is  stored  In  Register  C. 

170  Is  stored  In  Register  H. 

4  Is  stored  In  Register  D  to  recall  Indirectly 
the  data  stored  In  Increments  of  4. 

When  It  encounters  a  zero  value  Label  23  Is 
addressed 


-  Label  23  - 

This  label  prints  asterisks  below  all  the 
alignment  data. 


0377  PRNTo: 

0379 

0380 

0381 

0382 

0383 

0384 

0385  * 

0386  * 

0387  * 

0388  ENDcc 
0389  SPACE 
0390  SPACE 
0391  SPACE 
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0392  CLRfl-^J 


0393  CLEAR 
0394  FIX 

6 

0396  4 

0397  1 

0398  STO 

c 

0399  1 

0400  7 

0401  0 

0402  STO 

H 

0403  4 

0404  STO 

B 

0405  F  0  R 

C^HD 

0406  RCL  I 

C 

0408  STO 

B 

0409  IF  0 
0410  GOTO 

L24 

0412  RCL 

E 

0413  1 

0414  + 

0415  STO 

E 

0416  GOSUB 

R 

0418  NEXT 

C 

0419  LBL 

-  Fl 

0421  RCL 

E 

0  4  li.  4 

042  3  * 

0424  3 

0425  9 

0426  + 

0427  STO 

A 

0428  1 

0429  7 

0430  0 

0431  STO 

F 

0432  FOR 

A^F 

0433  RCL  I 

A 

0435  IF  0 

0436  RETURN 
0437  STO  G 

0438  RCL  6 

0439  - 
0440  IF  - 
0441  GOTO  B 

0443  RCL  I 

0444  IF  X=Y 
0445  GOTO  B 
0447 

0448  IF  XiY 
0449  GOTO  C 

0451  GOTO  B 


File  -10 

Steps  0392  throufl^i  0492  anelyse  the  data  for 
the  naxlaMin  ovality  between  the  0  degree  and 
90  degree  axes. 

Registers  A  throng  J  are  cleared, 

A  COT  "For  Next"  Loop  Is  used  with  41  stored 
in  Register  C. 

170  stored  In  Register  H. 


4  stored  In  Register  D. 


In  Incresients  of  four  a  value  is  taken  fron 
the  zero  axis  (RCL  I  C)  and  stored  In  Register 


B. 


Register  E  is  recalled  and  one  is  added  to  it 


Sublabel  A  is  addressed. 


•  Label  A  - 


Register  E  is  recalled  and  multiplied  by  4, 

39  is  added  to  it  and  it  is  stored  in  Register  A. 


170  is  stored  in  Register  F. 


/i  -  Tf  for  next  Loop  is  used  here  to  program 
the  corresponding  value  in  the  “J" 

of  the  same  level  to  be  unloaded  (step  0433) 
anH  Bf^ored  in  Reals  ter  G, 


Register  B  is  recalled  and  is  subtracted  from 
Register  G. 


If  the  answer  is  negative ,  Label  B  is 
addrcaaed. 

If  the  answer  is  positive,  Register  I  is  recalled 
and  the  positive  answer  is  compared  to  it. 


If  they  e^ual ,  Label  D  is  addressed. 


If  the  positive  answer  is  equal  to  or  greater 
than  Register  I,  Label  C  is  addressed. 

If  the  positive  answer  is  less  than  Register  I, 
Label  D  is  addressed. 
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File  -10 


0453 

LBL 

— 

B 

0455 

RCL 

6 

0456 

RCL 

G 

0457 

- 

0453 

RCL 

I 

0459 

IF  X  =  Y 

0460 

GOTO 

D 

0462 

X#Y 

0463 

IF  XiY 

0464 

GOTO 

C 

0466 

GOTO 

D 

0463 

LBL 

r 

0470 

STO 

I 

0471 

STO 

R021 

0473 

RCL 

E 

0474 

STO 

R022 

0476 

LBL 

0473 

D 

CLEAR 

0479 

RETURN 

0430 

LBL 

— 

24 

0482 

RCL 

C 

0433 

STO 

A 

0484 

3 

0485 

+ 

0436 

STO 

F 

0437 

FOR 

A^F 

0438 

RCL 

A 

0489 

0 

0490 

STO  I 

A 

0492 

NEXT 

A 

0493 

CLRA-^J 

0494 

CLEAR 

0495 

1 

0496 

1 

0497 

+  #- 

0498 

LDS^GO 

0499 

END 

-Label  B- 

Thle  label  ie  addressed  when  the  difference 
between  Register  B  and  Register  G  Is  negative. 

In  this  label  Register  B  Is  recalled. 

Register  G  Is  recalled  and  subtracted  from  B. 

Register  I  Is  recalled  and  compared  to  the 
difference.  If  they  equal,  Label  D  Is 
addressed. 

If  the  difference  Is  greater  than  Register  I, 
Label  C  Is  addressed. 

If  the  difference  Is  less  than  Register  I, 
Label  D  Is  addressed. 

-Label  C- 

Thls  label  stores  the  difference  between  Re¬ 
gister  G  and  Register  B  in  Register  I  and  Re¬ 
gister  21. 

Register  E  Is  recalled  and  Is  stored  in  Re¬ 
gister  22. 


-Label  D- 

Thls  label  clears  the  stack  and  returns  the  pro¬ 
gram  to  step  0418. 


-Label  24- 

This  label  clears  the  Registers  of  the  last  level 
If  there  Is  a  zero  value  In  the  zero  axis 
(from  Step  0410) . 

Register  C  Is  recalled  and  stored  in  Register  Z. 

3  Is  added  to  that  nuiid>er  and  Is  stored  in  F. 

This  sets  up  a  "For  Next”  Loop  idilch  puts  zeros 
in  the  3  Register  preceding  the  first  empty 
Register  of  the  zero  axis. 

Registers  A  through  J  are  cleared. 

The  Stack  Is  cleared. 


File  -11  Is  loaded  into  the  computer. 
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File  -11 


FILE 

-11 

TYPE 

0 

USED 

239 

MAX 

1000 

0000 

FIX 

6 

0002 

4 

000 

0tl04 

STO 

C 

000'' 

00 

0y0 

0000 

3  1  0 

H 

0000 

4 

0010 

STO 

n 

•ji  i 

C^HD 

■V- 1  i 

P  L 1 .  1 

c 

J  1  4 

ST.j 

B 

0015 

IF  0 

0016 

GOTO 

L25 

0018 

POL 

E 

0019 

1 

0020 

+ 

00 

STO 

E 

j  0  2 

GOSLIE 

fl 

0024 

NEXT 

c 

0025 

LBL 

— 

fl 

0027 

RCL 

E 

0028 

4 

002  9 

* 

0030 

4 

0051 

0 

0032 

0033 

STO 

fl 

0034 

1 

0035 

7 

0036 

0 

0037 

STO 

F 

0038 

FOP 

fl  +  F 

0039 

RCL  1 

fl 

0041 

IF  0 

0042 

RETURN 

0043 

STO 

G 

0044 

RCL 

B 

0045 

- 

0046 

IF  - 

0047 

GOTO 

B 

0049 

RCL 

I 

0050 

IF  X  =  V 

0051 

GOTO 

D 

0053 

x^  r 

0054 

IF  X>Y 

0055 

GOTO 

C 

0057 

GOTO 

D 

Steps  0000  througb  0085  analyse  the  data 
for  the  maxlonm  ovality  between  the  45  de¬ 
gress  and  135  degree  areas. 

A  C,D,H  "For  Next"  Loop  Is  used  to  scan  all 
the  data  and  select  the  data  required  for 
this  evaluation. 

42  Is  stored  In  Register  C. 

170  is  stored  In  Register  R. 

4  Is  stored  in  Register  D. 

(Register  42  has  the  first  45  degree  entry 
stored  In  It) . 

Data  for  the  45  degree  entry  Is  stored  In 
Register  B. 

When  there  Is  no  more  data  In  the  45  degree 
axis.  Label  25  Is  addressed. 

Register  E  Is  recalled,  1  Is  added  to  It 
and  It  is  restored  In  Register  E.  This  Re¬ 
gister  is  used  as  a  counter  to  keep  track 
of  the  corresponding  value  In  the  135  degree 
axis. 

Sub label  A  Is  addressed. 

-Label  A- 


Reglster  E  Is  recalled  and  multiplied  by 
4.  40  Is  added  to  this  nwiber  and  It  is 

stored  In  Register  A. 

170  Is  stored  In  Register  F. 

The  A-F  "For  Next"  Loop  recalls  the  corres¬ 
ponding  data  from  the  135  degree  axis  and 
stores  the  value  In  Register  G. 

Register  B  Is  recalled  and  subtracted  from 
Register  G. 

If  the  answer  Is  negative.  Label  B  Is  addressed 

If  the  answer  Is  positive.  It  is  compared 
to  Register  I. 

If  they  equal,  label  D  Is  addressed. 
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File  -11 


If  Register  I 
an  wer,  Label 

If  Register  I 
answer.  Label 


is  less  than  the  positive 
C  is  addressed. 

is  greater  than  the  positive 
D  is  addressed. 
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File  -11 


0059  LBL 
- B 

0061  RCL  B 

0062  RCL  G 

0063  - 

0064  RCL  I 

0065  IF  X=Y 
006'  GOTO  D 

006*6  X#Y 
0069  IF  XiY 
0070  GOTO-  C 

0072  GOTO  D 


-Label  B- 

In  this  label  Reglater  B  la  recalled. 

Register  G  le  recalled  and  8td>tracted  from 
Register  B. 

The  difference  Is  compared  to  Register  I. 

If  they  equal,  label  D  Is  addressed. 

If  the  difference  Is  greater  than  Register 
I,  Label  C  Is  addressed. 

If  the  difference  la  less  than  Register  I, 
Label  D  Is  addressed. 


0074  LBL 
- C 

0076  STO  I 

0077  STO  R027 

0079  RCL  E 

0080  STO  R028 

0082  LBL 

- D 

0084  CLEAR 
0085  RETURN 


1 


-Label 

m  this  label  the  difference  value  Is 
stored  In  Registers  1  and  027, 

Register  E  Is  recalled  and  stored  In 
Register  028. 

Label  D  Is  then  progranned  In, 

-Label  D- 

m  this  label  the  stack  Is  cleared. 

The  Program  then  returns  to  Step  0024 
to  continue  the  "For  Next"  loop. 
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File  -11 


0086 

LBL 

— 

iL-  'tJ 

0038 

PRNTc< 

0090 

S 

0091 

0092 

=: 

0093 

0094 

= 

0095 

0096 

0097 

0098 

0099 

0108 

0101 

0102 

s 

0103 

0104 

= 

0105 

0106 

END®' 

0107 

SPACE 

0108 

PRNTo: 

0110 

M 

011  1 

A 

0112 

0113 

■ 

0114 

0115 

0 

0116 

V 

0117 

A 

0118 

L 

0119 

a 

0120 

0121 

0 

0122 

- 

0123 

9 

0124 

0 

0125 

ENIioi 

0126 

RCL 

R021 

0128 

PRINT 

0129 

FIX 

0 

0131 

RCL 

R022 

0133 

PRNTo: 

0135 

0136 

0137 

A 

0138 

T 

0139 

0140 

1. 

0141 

E 

0142 

V 

0143 

E 

0144 

L 

0145 

0146 

PRINT 

0147 

ENIio! 

In  Label  25  the  message  below  Is  printed  on 
the  tape. 


MflK.  OVAL.  0-90 
0 . 000126 
AT  LEVEL  3 

*** 

MAX. OVAL. 45- 135 
0.000121 
AT  L  E  V  E  L  4 


Register  21  Is  recalled  (Maxl^nim  Ovality  0-90 
Degree)  and  printed. 

Register  22  Is  recalled  (Level  of  Hax.  Ovality) 
and  printed. 
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File  -11 


0  1  4  8 

PRHTo: 

0150 

0151 

@152 

0153 

0154 

0155 

0156 

0157 

0158 

0  1  5  8 

EH  Do: 

0  1  6  0 

FIX 

6 

Register  27  le  recalled  (Maximum  Ovality 

0162 

FRHTo: 

45-135  Degree)  and  printed. 

0164 

0165 

M 

R 

Register 

28  la  recalled  (Level  of  Maximum 

0166 

Ovality) 

and  printed. 

0167 

■ 

0168 

0 

0169 

V 

0170 

fl 

0171 

L 

0202 

PRH; 

0172 

a 

0204 

r 

0173 

4 

0205 

0174 

5 

0206 

= 

0175 

... 

0207 

0176 

1 

0208 

017? 

0209 

0  1  7  8 

5 

0210 

= 

0179 

EHD':< 

0211 

0  1  8  0 

RCL 

R027 

0212 

=: 

0182 

PRINT 

021  3 

0183 

FIX 

0 

021^^ 

0185 

RCL 

R  M  c  8 

0215 

0187 

PRHTo: 

0216 

0189 

0217 

0  1  9  0 

0218 

=: 

'■'1 1  9  1 

fl 

0219 

0192 

"f 

0220 

ENDc< 

0  1  9  3 

0221 

PRHTo: 

0  1  9  4 

L 

0223 

0195 

E 

0224 

0196 

1 

0225 

0197 

E 

0226 

0  1  9  8 

L 

0227 

0199 

0228 

0  2  0  0 

PRINT 

0229 

<5^ 

0201 

EHDc^ 

0230 

i': 

0231  * 

0232  ENric< 

0233  CLEfiR  File  -12  Is  loaded 

0234  1  the  conftuter. 

0235  2 
023f.  +^- 
023?  LD&GO 
0233  ENIi 
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File  -12 


FILE 

-12 

TYPE 

0 

USED 

72 

MAX 

1  0  0 

0000 

NOP 

0001 

NOP 

0002 

SPACE 

0003 

SPACE 

0004 

SPACE^ 

0005 

SPACE"' 

0006 

SPACE 

0007 

SPACE 

0008 

NOP 

0009 

F I X 

001  1 

RCL 

0013 

PRNTc: 

0015 

H 

0016 

0 

0017 

L 

0018 

E 

0019 

0020 

N 

0021 

0 

0022 

i 

0023 

0024 

PRINT 

0025 

0026 

PRHT« 

0028 

* 

0029 

0030 

0031 

0032 

00S3 

0034 

* 

0035 

0036 

0037 

P  0  3  8 

f '  0  3  9 

V 

0  0  4  0 
0041 

X 

0042 

0043 

00^4 

1— 1 

LU 

Flic  -12  prints  the  Heater  Information  for 
the  Hole  Profile  Analyeia  as  shown  below. 


HOLE  NO.  1 

******** 
--HOLE  PR0FILE-- 


Hegister  25  is  recalled  (Bole  No.)  and  printed. 


0045  PRHTo: 
0047  - 
0948  - 
0049  H 
0050  0 
0051  L 
0052  E 
0053 
0054  P 
0055  R 
0056  0 
0057  F 
0058  I 
0059  L 
0060  E 
0061  - 
0062  - 
0063  ENDcf 
0064  CLEAR 
0065  1 
0066  3 
0067  +#- 
0068  LD&GO 
0069  LBL 

- 99 

0071  END 


File  ^13  Is  loaded  Into 
the  computer. 
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Ftle  -13 


FILE 

-13 

TYPE 

0 

USED 

416 

MfiX 

1000 

0000 

NOP 

0001 

NOP 

0002 

CLRR-^J 

0003 

FIX 

0 

0005 

1 

0006 

3 

0007 

+  t- 

0008 

S  T  0 ' 

R033 

0010 

PRNTci 

0012 

0 

0013 

0014 

D 

0015 

E 

0016 

G 

0017 

t 

0018 
00  i  9 

R 

0020 

L 

0021 

I 

0022 

G 

0023 

N 

0024 

M 

0025 

T 

0026 

0027 

CLERR 

0028 

FIX 

6 

0030 

4 

0031 

1 

0032 

STO 

R 

0033 

STO 

C 

0034 

1 

0035 

7 

0036 

0 

0037 

STO 

H 

0038 

4 

0039 

STO 

D 

0040 

FOR 

C:->HD 

0041 

RCL  I 

C 

0043 

IF  0 

0044 

■  G  0  T  '.-I 

L31 

0046 

ST- 

j 

0047 

r  JB 

L50 

0049 

f. .  T 

C 

File  -13  enelyzee  the  date  taken  and  prints 
a  Histogram  of,  the  Hole  Profile  for  the  "0" 
Degree  axis. 


13  la  stored  In  Reg  "er  33. 


The  message  "0  Deg.  Allgnmt*'  la  printed. 


A  Fix  6  la  uaed  to  analyze  the  data  up  to 
six  significant  digits. 

A  C,D,H  "For  Next"  Loop  la  used  to  scan  the 
data  and  analyze  the  data  for  the  "0"  Degree 
axis  only. 

A1  is  stored  In  Registers  A  and  C. 

170  Is  stored  In  Register  H. 

4  Is  stored  In  Register  D  to  withdraw  the 
data  In  Increments  of  4. 

The  data  la  stored  In  Register  J  and  then 
GoSuh  Label  SO  la  addressed. 

When  there  Is  no  more  data  to  analyse,  Ubel 
31  la  addressed. 


84 


File  -13 


0050  LBL 

- 50 

6052  CLEfiR 
0053  RCL  B 
0054  IF  0 
0055  GOTO  L32 

005?  GOTO  L33 


-LaBel  50- 

In  Label  50  first  the  stack  Is  cleared. 

Register  B  Is  recalled. 

If  there  Is  a  zero  In  Register  Label 
32  Is  addressed. 


If  there  Is  data  In  Register  B,  Label  33 
Is  addressed. 


0059  LBL 

- 32 

0061  RCL  J 
0062  STO  B 
0063  LBL 

-  33 

0065  CLEAR 
0066  RCL  B 
0067  RCL  J 
0068  IF  X<Y 
0069  STO  B 
0070  CLEAR 
0071  RCL  E 
0072  RCL  J 
0073  IF  XYi 
0074  STO  E 
0075  RETURN 


-Labal  32- 

In  this  label  Register  J  Is  racallad  and 
stored  In  Register  B. 

Label  33  Is  prograaned  in  next. 

-Label  33- 

In  this  label  first  the  stack  Is  cleared. 

Register  B  Is  recalled. 

Register  J  Is  recalled  and  coopered  to 
Register  B. 

If  Register  J  Is  less  than  Register  B,  It 
Is  stored  In  Register  B. 


If  Register  J  Is  equal  to  or  greater  than 
Register  B,  the  stack  Is  cleared. 


Register  E  Is  recalled. 
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File  -13 


Register  J  Is  recalled  and  compared  to 
Register  E. 


If  Register  J  Is  greater  than  or  equal 
to  Register  E,  it  Is  stored  In  Register 


If  Register  J  Is  less  than  Register  E, 
the  Program  returns  to  Step  0049. 
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File  '13 


007  6 

LBL 

_ 

31 

0  •  8 

CLEfiR 

00  7  9 

RCL 

E 

0  0  8  0 

RCL 

B 

0081 

- 

0082 

1 

008  3 

0 

0084 

0 

0085 

0 

0086 

0 

0087 

0088 

I  NT 

0089 

STO 

F 

0090 

RCL 

E 

009  1 

1^  Q 't' 

RCL 

E 

y  y  7 

009  3 

1 

0094 

0 

0095 

0 

0  0  9  6 

0 

0097 

0 

0  0  9  8 

0 

0  0  9  9 

0  1  0  0 

STO 

G 

0101 

1 

0102 

0 

0  1  0  3 

T 

0104 

I  NT 

0105 

1 

0106 

0 

0107 

0108 

STO 

I 

0109 

RCL 

G 

0110 

RCL 

I 

0111 

- 

0112 

5 

0  1  1  3 

IF 

t' 

0114 

G  0  T  0 

L25 

0116 

G  0  T  0 

L26 

0118 

LBL 

0120 

RCL 

F 

0121 

1 

0  122 

+ 

0123 

I  NT 

0124 

STO 

F 

0125 

LBL 

— 

26 

9127 

RCL 

F 

0128 

1 

0129 

F. 

0  1  3  0 

IF  K< 

Y 

0  1  3  1 

GOTO 

L52 

0133 

GOTO 

L51 

'Label  31' 

Label  31  gets  addressed  when  Indirect  C 
contains  a  zero  from  the  *'For  Next”  Loop. 

Register  E  Is  recalled. 

Register  13  is  recalled  and  subtracted 
from  Register  E. 

The  difference  is  multiplied  By  10,000 
and  the  integer  is  determined. 

The  result  is  stored  in  Register  F. 

Register  E  is  recalled. 

Register  B  is  recalled  and  subtracted 
fron)  Register  E. 

The  difference  is  multiplied  by  100,000 
and  stored  in  Register  G. 

The  difference  is  also  divided  by  10  and 
the  integer  is  determined.  This  number  is 
multiplied  by  10  and  stored  in  Register  I. 

Register  G  is  recalled.  Register  I  is  re¬ 
called  and  subtracted  from  Register  G. 

If  the  difference  is  greater  than  5,  Label 
25  is  addressed. 

If  the  difference  is  less  than  5,  Label  26 
is  addressed. 


-Label  25- 

In  this  label  Register  F  is  recalled.  1  is 
added  to  it,  its  Integer  is  datemined  and  it 
is  restored  in  Register  F .  Label  26  is  pro¬ 
grammed  in  next. 


-Label  26- 

In  this  label  Register  F  is  recalled.  It 
is  compared  to  the  number  15. 

If  it  is  greater  than  15,  Label  52  is  addressed. 

If  it  is  less  than  15,  Label  51  is  addressed. 
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File  -rXa 


0135 

LBL 

— 

51 

0137 

CLEAR 

0138 

FIX 

6 

0140 

4 

0141 

1 

0142 

STO 

C 

0143 

1 

0144 

7 

0145 

0 

0146 

STO 

H 

0147 

4 

0148 

STO 

n 

0149 

FOR 

C^HD 

0150 

RCL  I 

c 

0152 

STO 

J 

0153 

STO 

E 

0154 

IF  0 

0155 

GOTO 

L98 

0157 

RCL 

B 

0158 

- 

0159 

1 

0160 

0 

0161 

0 

0162 

0 

0163 

0 

0164 

* 

0165 

I  NT 

0166 

GOSUB 

LX 

0167 

NEXT 

C 

-Label  51- 

If  the  range  of  data  ia  leea  than  a 
thousandths  and  a  half.  Label  51  Is 

addressed . 

In  this  label,  first  the  stack  is  cleared. 

Fix  6  is  progranned  in  to  calculate  the 
data  to  six  significant  places. 

A  C,D,H  "For  Next"  loop  is  used. 

41  is  stored  in  Register  C. 

170  is  stored  in  Register  H. 

4  is  stored  in  Register  D. 

The  Data  is  stored  in  Registers  J  and 
E. 

When  Indirect  C  contains  a  sero  from  the 
"For  Next"  Loop,  label  98  gets  addressed. 

Register  B  is  recalled  (smallest  data  number 
in  axis)  and  the  difference  between  Registers 
E  and  B  is  taken. 

This  number  is  multiplied  by  10,000  and  the 
Integer  is  determined. 

The  resulting  value  will  have  a  number 
ranging  between  0  and  15.  This  nuaber  is 
used  to  address  the  corresponding  label  which 
will  print  the  corresponding  zeros  to  produce 
a  cross-sectional  view  of  that  particular 
axis  for  each  level  of  data  entry. 
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File  -13 


0168  LBL 

- 00 

0170  PRNTo« 
0172  * 

0173  ENDoi 
0174  RETURN 
0175  LBL 

- 01 

0177  PRNTc( 
0173  * 

0180  0 
0181  ENDc( 
0182  RETURN 
0183  LBL 

- 02 

0185  PRNTo; 
0187  * 

0188  0 
0189  0 
0190  ENDc< 
0191  RETURN 
0192  LBL 

- 03 

0194  PRNTc( 
0196  * 

0197  0 
0198  0 
0199  0 
0200  END<< 
0201  RETURN 
0202  LBL 

- 04 

0204  PRNTci 
0206  * 

0207  0 
0208  0 
0209  0 
0210  0 
0211  ENDcJ 
0212  RETURN 
0213  LBL 

- 05 

0215  PRNTo< 
0217  * 

0218  0 
0219  0 
0220  0 
0221  0 
0222  0 
0223  ENDo! 
0224  RETURN 


0225  LBL 

- 06 

0227  PRNTo: 
0229  ♦ 

0230  0 
0231  0 
0232  0 
0233  0 
0234  0 
0235  0 
0236  ENDot 
0237  RETURN 
0238  LBL 

- 07 

0240  PRNTct 
0242  * 

0243  0 
0244  0 
0245  0 
0246  0 
0247  0 
0248  0 
0249  0 
0250  END« 
0251  RETURN 
0252  LBL 
—  —  08 
0254  PRNTc< 
0256  * 

0257  0 
0258  0 
0259  0 
0260  0 
0261  0 
0262  0 
0263  0 
0264  0 
0265  ENDfl« 
0266  RETURN 
0267  LBL 

- 09 

0269  PRNTec 
0271  * 

0272  0 
0273  0 
0274  0 
0275  0 
0276  0 
0277  0 
0278  0 
0279  0 
0280  0 
0281  ENDo! 
0282  RETURN 
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File  -13 


0283  L  B  L 

- lv3 

0285  PRHTc: 
0287  * 


0288  0 


0289  0 

0290  0 

0337  LBL 

0291  0 

- 13 

0292  0 

0339  PRNTo: 

0293  0 

0341  * 

0294  0 

0342  0 

0295  0 

0  *!•  4  •-«  0 

0296  0 

0344  0 

0297  0 

0345  0 

0298  EHD'J* 

0346  0 

0299  RETURN 

0  347  0 

0300  LBL 

0348  0 

-  11 

0349  0 

0302  PRNTo: 

0350  0 

0304  * 

0351  0 

0305  0 

0352  0 

0  3  0  6  0 

0  3  5  3  0 

0307  0 

0354  0 

0  3  0  8  0 

03S5  ENIio 

0  3  0  9  0 

0356  RETUriN 

0310  0 

035?  LBL 

0311  0 

- 14 

0312 

0 

0359 

PRNTO 

0313 

0 

0361 

0.314 

0 

03b2 

0 

0315 

0 

0  3  6  3 

0 

0316 

ENDO 

0  3  6  4 

0 

0317 

RETURN 

0  3  6  5 

0 

0318 

LBL 

0366 

0 

- - 

1 2 

0367 

0 

0320 

PRNTo: 

0368 

0 

0322 

* 

0369 

0 

0323 

0 

0370 

0 

0324 

0 

0371 

0 

0325 

0 

0372 

0 

0326 

0 

0373 

0 

0327 

0 

0374 

0 

0328 

0 

0375 

0 

0329 

0 

0376 

ENDO 

0330 

0 

0377 

RETURN 

0331 

0 

0332 

0 

0333 

0 

0  3  3  4  0 
0:-!35  EHIi-J! 
0336  RETURN 
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file  -13 


-  15 

0380  PRHTo: 
0383  * 

0383  0 
0384  0 
0385  0 
0386  0 
0  3  8  ?  0 
0  3  8  8  0 
0389  0 
0  3  9  0  0 
0391  0 
0392  0 
0393  0 
0394  0 
0395  0 
0396  0 
0397  0 
0398  ENDo: 
0399  RETURN 
0400  HOP 
0401  LBL 

- 52 

04.03  CLERR 
0404  1 
0405  7 
0406 

0407  Ln&GO 
0408  HOP 
0409  LBL 

_ _ Q  O 

0411  r 
0412  4 
0413  +#- 
0414  LIig.:G0 
0415  EHIi 


-  Label  52  - 

This  label  loads  File  -17  into  the  computer. 


-  Label  98  - 

This  label  loads  File  -14  into  the  computer. 
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file  -13 


0378 

LBL 

— 

15 

0380 

PRHTc: 

0382 

0383 

0 

0384 

0 

0385 

0 

0386 

0 

0387 

0 

0388 

e 

0389 

0 

0390 

0 

0391 

0 

0392 

0 

0393 

0 

0394 

0 

0395 

0 

0396 

0 

0397 

0 

0398 

ENric< 

0399 

RETURN 

0400 

NOP 

0401 

LBL 

»  ^  ~  . 

52 

0403 

CLEAR 

0404 

1 

0405 

< 

0406 

+  T- 

0407 

L  D  &  G  0 

0408 

NOP 

0409 

LBL 

— 

98 

0411 

1 

0412 

4 

0413 

+  r- 

0414 

LD&GO 

0415 

ENIi 

-  Label  52  - 

This  label  loads  File  -17  into  the  computer. 


-  Label  98  - 

This  label  loads  File  -14  into  the  computer. 
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Mis  report  has  been  delimited 
ANb  cleared  for  public  reliabe 
4DER  DOD  DIRECTIVE  S200.20  AND 

^  RESTRICTIONS  ARE  IMPOSED  UPON 
rs  USE  AND  DISCLOSURE. 

' 1ST R I  BUT  I  ON  STATEMENT  A 

Af proved  for  PUBLIC  RELIASE; 

:  iSTRIBUTION  UNLIMITED. 


File  -14 


FILE 

-14 

TYPE 

0 

USED 

416 

MAX 

1000 

0060 

NOP 

0001 

NOP 

0002 

CLRfl->J 

0003 

1 

0004 

4 

0005 

+  ^- 

0006 

STO 

R033 

0008 

SPACE 

0009 

PRNTo! 

0611 

4 

0012 

5 

0013 

0014 

D 

0015 

E 

0016 

G 

0017 

s 

0018 

0019 

A 

0020 

L 

0021 

I 

0022 

G 

0023 

N 

0024 

M 

0025 

T 

0026 

ENDo! 

0027 

CLEAR 

0028 

FIX 

6 

0030 

4 

0031 

2 

0032 

STO 

A 

0033 

STO 

C 

0034 

1 

0035 

7 

0036 

0 

0037 

STO 

H 

0038 

4 

0039 

STO 

D 

0040 

FOR 

C-^HD 

0041 

RCL  I 

C 

0043 

IF  0 

0044 

GOTO 

L31 

0046 

STO 

J 

0047 

GOSUB 

L50 

0049 

NEXT 

C 

0050 

LBL 

— 

50 

0052 

CLEAR 

0053 

RCL 

B 

0054 

IF  0 

0055 

GOTO 

L32 

File  -14  iB  basically  Identical  to  File  -13 
except  that  It  analyzes  the  data  taken  and 
prints  a  Histogram  of  the  Hole  Profile  for 
the  45  degree  axis. 


-14  Is  stored  In  Register  33. 


The  message  ”45  Deg.  Allgnmt."  Is  printed. 


92 


0050 

LBL 

— 

50 

0052 

CLERR 

0053 

RCL 

B 

0054 

IF  0 

0:55 

GOTO 

L32 

0057 

GOTO 

L  3  3 

0053 

LBL 

— 

32 

0  0  6  1 

RCL 

J 

0  0  6  2 

STO 

B 

0  0  6 '? 

LBL 

0  0  6  5 

CLEAR 

0066 

RCL 

6 

0067 

RCL 

J 

0068 

IF 

0069 

STO 

B 

0070 

CLEAR 

0071 

RCL 

E 

0072 

RCL 

J 

0073 

IF  XiY 

0074 

STO 

E 

0075 

RETURN 

0076  LBL 
- 31 


0078 

CLEAR 

0079 

RCL 

E 

0080 

RCL 

B 

0031 

- 

0082 

1 

0083 

0 

0034 

0 

0085 

0 

0086 

0 

0087 

* 

0038 

INT 

0089 

b  T  0 

F 

0090 

RCL 

E 

0091 

RCL 

B 

0092 

- 

0093 

1 

0094 

0 

0095 

0 

0096 

0 

0097 

0 

0098 

0 

0099 

* 

0100 

STO 

G 

0101 

1 

0102 

0 

0103 

T 

0104 

INT 

0105 

1 

0106 

0 

0107 

0108 

STO 

I 

0109 

RCL 

G 

0  1  1*0 

RCL 

I 

011  1 

- 

0112 

5 

0113 

IF  KC 

0114 

GOTO 

L25 

0116 

GOTO 

L26 

0118 

LBL 

c 

w 

0120 

RCL 

F 

0121 

1 

0122 

+ 

0123 

INT 

0124 

STO 

F 

0125 

LBL 

— 

26 

0127 

RCL 

F 

0128 

1 

0129 

5 

0130 

IF  X< 

Y 

0131 

GOTO 

L52 

0133 

GOTO 

L51 

File  -14 


93 


File  -14 


0135 

LBL 

— 

51 

013-’ 

CLEAR 

0138 

FIX 

6 

0140 

4 

0141 

il- 

0142 

STO 

c 

0143 

1 

0144 

0145 

0 

014  6 

STO 

H 

014? 

4 

0148 

8  T  U 

n 

0149 

FOR 

C-^HD 

0150 

RCL  I 

c 

0152 

STO 

J 

0153 

STO 

E 

0154 

IF  0 

015  5 

G  0  T  0 

L98 

0157 

RCL 

B 

0 1 5  8 

- 

0159 

1 

0160 

0 

0161 

0 

0162 

0 

0163 

0 

0164 

0165 

I  NT 

0166 

GOSUB 

LX 

0167 

NEXT 

C 

0168 

LBL 

— 

00 

0170 

PRNTo: 

0172 

0173 

ENIici 

0174 

RETURN 

0175 

LBL 

— 

01 

0177 

PRNTo: 

0179 

0180 

0 

0181 

ENDc< 

0182 

RETURN 

0183 

LBL 

— 

02 

0185 

PRNTo: 

0187 

0188 

0 

0189 

0 

0190 

ENIio: 

0191 

RETURN 

0192 

LBL 

— 

03 

0194 

PRNTo: 

0196 

019? 

0 

0198 

0 

0199 

0 

0200 

ENDo: 

0201 

RETURN 

0202 

LBL 

— 

04 

0204 

PRNTc^ 

0206 

0207 

0 

0208 

0 

0209 

0 

0210 

0 

0211 

END'O! 

0212 

RETURN 

/ 

0213 

LBL 

— 

05 

0215 

PRNTo; 

0217 

* 

0218 

0 

0219 

0 

0220 

0 

0221 

0 

0222 

0 

0223 

ENDc; 

0224 

RETURN 
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File  -14 


0225  LBL 

-  06 

0283  LBL 

0227  PRNTc^ 

-  10 

0229  * 

0235  PRNT':< 

0230  0 

0287  * 

0231  0 

0288  0 

0232  0 

0289  0 

0233  0 

0290  0 

0234  0 

0291  0 

0235  0 

0292  0 

0236  ENDc; 

0293  0 

0237  RETURN 

0294  0 

0238  LBL 

0295  0 

- 07 

0296  0 

0240  PRNT‘:' 

0297  0 

0242  * 

0298  ENrif: 

0243  0 

0299  RETURN 

0244  0 

0300  LBL 

0245  0 

- 11 

0246  0 

0302  PRHT'-.^ 

024  7  0 

0304  * 

0248  0 

0305  0 

0  2  4  9  0 

0306  0 

0  2  5  0  F.  N  D 

0307  0 

0251  RETURN 

0308  0 

0252  LBl. 

0309  0 

-  0  0 

0310  0 

0254  PRHTo; 

0311  0 

0  2  5  6  * 

0312  0 

0257  0 

0313  0 

0253  0 

0314  0 

0259  0 

0315  0 

0260  0 

0316  ENIitf 

0261  0 

0317  RETURN 

0262  0 

0318  LBL 

0263  0 

- 12 

0264  0 

0320  PRNTo: 

0265  ENIio! 

0322  * 

0266  RETURN 

0323  0 

0267  LBL 

0324  0 

- 09 

0325  0 

0269  P  R  N  T 

0326  0 

0271  * 

0327  0 

0272  0 

0328  0 

0273  0 

0329  0 

0274  0 

0330  0 

0275  0 

0331  0 

0276  0 

0332  0 

0277  0 

0333  0 

0278  0 

0334  0 

0279  0 

0335  ENDo: 

0280  0 

0336  RETURN 

0281  EHDo: 

0282  RETURN 
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File  -14 


0337  LBL 

- 13 

0339  PRHT':^ 
0341  * 

0342  0 
0343  0 
0344  0 
0345  0 
0346  0 
0347  0 
0348  0 
0349  0 
0350  0 
0351  0 
0352  0 
0353  0 
0354  0 
0355  ENri«< 
0356  RETURN 
0357  LBL 

- 14 

0359  PRNTc-; 
0361  * 

0362  0 
0363  0 
0364  0 
0365  0 
0366  0 
0367  0 
0368  0 
0369  0 
0370  0 
0371  0 
0372  0 
0373  0 
0374  0 
0375  0 
0376  ENDc< 
0377  RETURN 


0378 

LBL 

— 

15 

0380 

PRNT':< 

0382 

* 

0383 

0 

0384 

0 

0385 

0 

0386 

0 

0387 

0 

0388 

0 

0389 

0 

0390 

0 

0391 

0 

0392 

0 

0393 

0 

0394 

0 

0395 

0 

0396 

0 

0397 

0 

0398 

ENIiot 

0399 

RETURN 

0400 

NOP 

0401 

LBL 

— 

52 

0403 

CLERR 

0404 

1 

0405 

7 

0406 

+  #- 

0407 

LT&GO 

0408 

Nt'P 

0409 

LB!.. 

— 

98 

0411 

1 

0412 

5 

0413 

+  #- 

0414 

LD&GO 

0415 

END 

-  Lftbel  52  - 

This  label  loads  File  -17 
into  the  computer. 


Label  98 

This  label  loads  File  -15 
Into  the  computer. 
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File  -15 


FILE 

-15 

TYPE 

0 

USED 

418 

MRX 

1  000 

0000 

NOP 

File 

0  0  0  1 

HOP 

that 

0  0  0  2 

CLRfi-^J 

gram 

0003 

F  I  X  0 

0005 

1 

0006 

5 

0007 

+  #  - 

-15 

000S 

STO  R033 

0  0  1  0 

SPfiCE 

001.  i 

PRNT- 

0  0  1  3 

9 

0014 

0 

0015 

0016 

D 

0017 

E 

-15  is  stored  in  Register  33. 


0  0 1 8 

G 

0  0  1  9 

, 

0  0  2  0 

0  0  2  1 

R 

0022 

L 

0023 

I 

0024 

G 

0025 

N 

0026 

M 

0027 

T 

0028 

ENDo: 

0029 

CLERR 

0030 

F  IX 

6 

0032 

4 

0033 

0034 

STO 

R 

0035 

STO 

C 

0  0  '3  b 

1 

0037 

*7 

( 

0038 

0 

0039 

STO 

H 

0040 

4 

0041 

STO 

n 

0042 

FOR 

CH^HD 

0043 

RCL  I 

c 

0045 

IF  0 

0046 

GOTO 

L31 

0048 

STO 

.1 

0049 

GOSLIB 

L50 

0051 

NEXT 

C 

The  Message 


*90  Deg.  Allgntnt”  is  printed. 
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File  -15 


0052 

l.BL 

— 

50 

0  0  5  4 

CLERR 

0  0  5  5 

RCL 

B 

0056 

IF  0 

0057 

G  0  T  0 

L  3  2 

0059 

GOTO 

L  3  3 

0061 

LBL 

M..  i..  «.■ 

32 

0  0 1 3 

RCL 

J 

0  0  6  4 

STO 

B 

0  0  6  5 

LBL 

0067 

CLERR 

0068 

RCL 

B 

0  0  6  9 

RCL 

,j 

0  0  7  0 

IF  X<Y 

0  0  7  1 

STO 

B 

0072 

CLERR 

0  0  7  3 

RCL 

E 

0074 

RCL 

J 

0075 

IF  XiV 

0076 

s  r  0 

E 

0077 

RETURN 

0078 

LBL 

— 

31 

0080 

CLEAR 

6081 

RCL 

E 

0082 

RCL 

B 

0083 

- 

0084 

1 

0085 

0 

0086 

0 

0087 

0 

0038 

6 

0089 

•S’ 

0090 

un 

0091 

STO 

F 

0092 

RCL 

E 

0  0  9  3 

RCL 

B 

0094 

- 

0095 

1 

0096 

0 

0097 

0 

0098 

0 

0  0  9  9 

0 

0100 

0 

0101 

0102 

STO 

G 

0103 

1 

0104 

0 

0105 

0  1  06 

I  NT 

0107 

1 

0108 

0 

0109 

•* 

0110 

STO 

I 

0111 

RCL 

G 

0112 

RCL 

I 

0113 

- 

0114 

5 

0115 

IF  X< 

1  i  • 

1 

0116 

GOTO 

L25 

0118 

GOTO 

L26 

0120 

LBL 

0122  RCL  F 

0123  1 
0124  + 

0125  I  NT 
0126  STO  F 

0127  LBL 

-  26 

0129  RCL  F 

0130  1 
0131  5 
0132  IF  X<V 
0133  GOTO  L52 

0135  GOTO  L51 
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File  -15 


0170 

LBL 

— 

00 

0172 

PRHTo; 

0174 

# 

0175 

EHIK^ 

0176 

RETURN 

0177 

LBL 

— 

01 

0179 

PRNTo; 

0181 

* 

0182 

0 

0183 

ENri':< 

0137 

LBL 

0184 

RETURN 

— 

51 

0185 

LBL 

0139 

CLEAR 

— 

02 

0140 

FIX 

6 

0187 

PRNTo; 

0142 

4 

0189 

* 

0143 

.*{ 

0190 

0 

0144 

STO 

C 

0191 

0 

0145 

1 

0192 

END-:-: 

0146 

r' 

0193 

RETURN 

0147 

0 

0194 

LBL 

0148 

STO 

H 

— 

03 

0149 

4 

0196 

PRNTc.; 

0150 

STO 

D 

0 1 98 

# 

0151 

FOR 

i>Hri 

0199 

0 

0152 

RCL  I 

C 

0200 

0 

0154 

STO 

j 

0201 

0 

0155 

STO 

E 

0202 

ENric< 

0156 

IF  0 

8203 

RETURN 

0157 

GOTO 

L93 

0204 

LBL 

0159 

RCL 

B 

— 

04 

0160 

- 

0206 

PRNTo: 

0161 

1 

0208 

0162 

0 

0209 

0 

0163 

0 

0210 

0 

0164 

0 

0211 

0 

0165 

0 

0212 

0 

0166 

,* 

0213 

ENIid 

0167 

I  NT 

0214 

RETURN 

0168 

GOSUB 

LX 

0215 

LBL 

0169 

NEXT 

C 

— 

05 

0217 

PRNT-:^ 

0219 

0220 

0 

0221 

0 

0222 

0 

0223 

0 

0224 

0 

0225 

ENIio: 

0226 

RETURN 

99 


File  -15 


022?  LBL 

- 0  G 

0229  PRHT-:' 
0231  X 
0232  0 
0233  0 
0234  0 
0235  0 
0236  0 
023?  0 
0238  EHOc.: 
0239  REfURH 
0240  LBL 

-  07 

0242  PRHT« 
0244  * 

02  45  0 
0  2  4  6  0 
0247  0 
0248  0 
0  2  4  9  0 
0250  0 
0  5 1  0 
0252  EH  Do; 
0253  RETURN 
0254  LBL 

- 0  8 

025S  PRHTo: 
0258  * 

0259  0 
0260  0 
0261  0 
0262  0 
0263  0 
0  2  6  4  0 
0265  0 
266  0 
0267  EHDo; 
0268  RETURN 
0269  LBL 

-  0  q 

0271  PRHTO 
0273  * 

0274  9 
027  5  0 
0276  0 
0277  0 
0278  0 
0279  0 
0280  0 
0281  0 
0282  0 
0283  EHDo: 
0284  RETURN 


0285  LBL 

- 10 

0287  FRHTo; 
0289  * 

0290  0 
0291  0 
0292  0 
0293  0 
0294  0 
0295  0 
0296  0 
0297  0 
0298  0 
0299  0 
0  3  0  0  E  H  D  o: 
0301  RETURN 
0302  LBL 

- 11 

0304  PRHTo: 
0306  * 

0307  0 
0308  0 
0309  0 
0310  0 
0311  0 
0312  0 
0313  0 
0314  0 
0315  0 
0316  0 
0317  0 
0318  EHDO 
0319  RETURN 
0320  LBL 

- 12 

0322  PRHTO 
0324  * 

0325  0 
0326  0 
0327  0 
0328  0 
0329  0 
0330  0 
0331  0 
0332  0 
0333  0 
0334  0 
0335  0 
0336  0 
0337  EHDO 
0338  RETURN 
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File  -15 


0339  LBL 

- 13 

0380  LBL 

0341  PRHTo: 

- 15 

0343  * 

0382  PRNT':< 

0344  0 

0334  * 

0  3  45  0 

0385  0 

0346  0 

0386  0 

0  347  0 

0337  0 

0343  0 

0338  0 

0  3  4  9  0 

0  3  8  9  0 

0  3  50  0 

0  3  9  0  0 

0351  0 

0391  0 

0352  0 

0  3  9  2  0 

0  3  5  3  0 

0393  0 

0  3  54  0 

0394  0 

0355  0 

0395  0 

ri  3  Fi  6  0 

0  3  9  6  0 

0357 

0397  0 

0358  RETURN 

6  398  0 

0359  l.BL 

u  •  >  9  s  y 

- .  14 

0  4  0  0  E  N  it 

esei  PRHTc^ 

0401  RETURl 

0363  * 

0402  NOP 

0  3  6  4  0 

0403  LBL 

0365  0 

- 52 

0366  0 

0405  CLEfiP. 

0  3  67  0 

0406  1 

0363  0 

0407  7 

0  3  6  9  £1 

0403  +-- 

0370  0 

0499  LD&GU 

0371  0 

0410  NOP 

0372  0 

0411  LBL 

0373  0 

- 93 

0374  0 

0413  1 

0375  0 

0414  6 

0  3  7  6  0 

0415  +^- 

0377  0 

0416  L  life  GO 

0373 

0379  RETURN 

0417  END 

-Label  52- 

Thls  label  loads  File  -17 
Into  the  computer. 


-Label  98- 

This  label  loads  File-16 
into  the  computer. 


101 


File  -16 


FILE  -16 
TYPE  0 

USED  439 

MRK  1000 


0  0  0  0  H  0  P 
0001  NOP 
0  0  0  2  C  L  R  R  J 
0  0  0  3  F  I  K  0 
0  0  0  5  1 
0  0  0  6  6 
0007  +#- 

0  0  0  S  S  T  0  R  0  3  3 

0010  SPRCE 
0011  PRNTo: 

0  0  1  3  1 
0  0  1  4  3 
0015  5 


fl  1 6 

:i017  B 
0013  E 
0019  G 


0020  . 

0021 
0  01 2  2  R 
0023  L 
0024  I 
0025  G 
0026  N 
0027  M 
0028  T 
0029  ENBc< 

0030  CLERR 
0031  FIX  6 

0033  4 
0034  4 

0035  S  T  0  R 

0036  STO  C 

0037  1 
0038  7 
0039  0 

0040  STO  H 

0041  4 

0042  STO  D 

0043  FOR  C-^HD 

0044  RCL  I  C 

0046  IF  0 
0047  GOTO  L31 

0049  STO  J 

0050  GOSUB  L50 

0052  NEXT  C 


File  -16  is  basically  identical  to  File  -13  except 
that  it  analyzes  the  data  taken  and  prints  a  hlsto- 
_ orofile  for  the  135  degree  axis. 


-16  is  stored  in  Register  33. 


The  Message 

”135  Deg.  Allgnmt”  is  printed. 


102 


0079 

LBL 

— 

31 

008  1 

CLEAR 

0082 

RCL 

E 

0083 

RCL 

B 

0034 

- 

0  0  8  5 

1 

0086 

0 

0087 

0 

0083 

0 

0089 

0 

0  0  9  0 

* 

009  1 

I  NT 

0092 

STO 

F 

0093 

RCL 

E 

0094 

RCL 

B 

0095 

- 

0053 

LBL 

0096 

1 

— 

50 

0097 

0 

0055 

CLEflr 

0098 

0 

0056 

RCL 

B 

0099 

0 

0057 

IF  0 

0  1  0  0 

0 

0058 

G  0  T  0 

L32 

0101 

0 

0060 

GOTO 

L33 

0102 

0062 

LBL 

0103 

STO 

G 

- - 

O 

'J  b- 

0104 

1 

0  0  6  4 

RCL 

J 

0105 

0 

0  0  6  5 

STO 

B 

0106 

f 

0  0  6  6 

LBL 

0107 

I  NT 

— 

•“i  ‘*•1 

0108 

1 

0068 

CLEAR 

0109 

0 

0069 

RCL 

B 

0110 

* 

0  0  ?  0 

RCL 

J 

01  1  1 

STO 

I 

0071 

IF  X<Y 

0112 

RCL 

G 

0072 

STO 

B 

0113 

RCL 

I 

0073 

CLEAR 

0114 

- 

007  4 

RCL 

E 

0115 

5 

0  0  7  5 

RCL 

J 

0116 

IF  X<Y 

0076 

IF  XiY 

0117 

GOTO 

L25 

0077 

s  r  0 

E 

0119 

GOTO 

L26 

0078 

RETURN 

0121 

LBL 

_ _ 

25 

0123 

RCL 

F 

0124 

1 

0125 

+ 

0126 

I  NT 

0127 

STO 

F 

0128 

LBL 

— 

26 

0130 

RCL 

F 

0131 

1 

0132 

Cj 

0133 

IF  X<Y 

i 

0134 

GOTO 

L52 

0136 

GOTO 

L51 

File  -16 
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File  -16 


0171 

LBL 

— 

00 

0173 

PRNTo: 

0175 

* 

0176 

ENDo: 

0177 

RETURN 

0178 

LBL 

— 

01 

0180 

PRNTo: 

0182 

* 

0183 

0 

0184 

ENDo: 

0138 

LBL 

0185 

RETURN 

— 

51 

0186 

LBL 

0140 

CLEfiR 

— 

02 

0141 

FIX 

6 

0188 

PRNTo; 

0143 

4 

0190 

* 

014  4 

4 

0191 

8 

0145 

STO 

C 

0192 

0 

0146 

1 

0193 

ENDo: 

014? 

(' 

0194 

RETURN 

0 1  4  9 

0 

0195 

LBL 

0149 

STO 

H 

- - 

03 

0150 

4 

0197 

PRNTo: 

0151 

STO 

B 

0199 

0152 

FOR 

C  H  D 

0200 

0 

0153 

RCL  I 

c 

0201 

0 

0155 

STO 

J 

0202 

0 

0156 

STO 

E 

0203 

ENDc< 

0157 

IF  0 

8204 

RETURN 

0158 

GOTO 

L98 

0205 

LBL 

0160 

RCL 

B 

— 

04 

0161 

- 

0207 

PRNT'V 

0162 

1 

0209 

0163 

0 

0210 

0 

0164 

0 

0211 

0 

0165 

0 

0212 

0 

0  1  6  6 

8 

0213 

0 

0167 

••I7 

0214 

ENDc< 

0168 

I  NT 

0215 

RETURN 

0169 

GOSUB 

LX 

0216 

LBL 

0170 

NEXT 

C 

— 

05 

0218 

PRNTc< 

0220 

* 

0221 

0 

0222 

0 

0223 

0 

0224 

0 

0225 

0 

0226 

ENDo: 

0227 

RETURN 
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File  -16 


0228 

LBL 

»•” 

06 

0230 

PRHTo; 

0232 

* 

0233 

0 

0234 

0 

0235 

0 

0236 

0 

0237 

0 

0238 

0 

0239 

ENDo: 

0240 

RETURN 

0241 

LBL 

iTi  “? 

0243 

U  I 

PRNTc< 

0245 

* 

0246 

0 

0247 

0 

0248 

0 

0249 

0 

0250 

0 

0251 

0 

0252 

0 

0253 

ENDoi 

0254 

RETURN 

0255 

LBL 

iTh  O 

0257 

U  O 

PRNT':< 

0259 

* 

0260 

0 

0261 

0 

0262 

0 

0263 

0 

0264 

0 

0265 

0 

0266 

0 

0267 

0 

0268 

ENDo: 

0269 

RETURN 

0270 

LBL 

— 

09 

0272 

PRNTo: 

0274 

* 

0275 

0 

0276 

0 

0277 

0 

0278 

0 

0279 

0 

0280 

0 

0281 

0 

0282 

0 

0283 

0 

0234 

ENDc< 

0285 

RETURN 

0286 

LBL 

— 

10 

0288 

PRNTo; 

0290 

0  2  9 1 

0 

0292 

0 

0293 

0 

0294 

0 

0295 

0 

0296 

0 

0297 

0 

029  8 

0 

0299 

0 

0300 

0 

0301 

ENIl-:{ 

0302 

RETURN 

0303 

LBL 

— 

11 

0305 

PRNTo; 

0307 

0308 

0 

0309 

0 

0310 

0 

0311 

0 

0312 

0 

0313 

0 

0314 

0 

0315 

0 

0316 

0 

0317 

0 

0318 

0 

0319 

END« 

0320 

RETURN 

0321 

LBL 

— 

12 

0323 

PRNTc< 

0325 

* 

0326 

0 

0327 

0 

0328 

0 

0329 

0 

0230 

0 

0331 

0 

0332 

0 

0333 

0 

0334 

0 

0335 

9 

0336 

0 

0337 

0 

0338 

ENDo: 

0339 

RETURN 

105 


0340 

LBL 

— 

13 

0342 

PRNTo: 

0344 

0345 

0 

0346 

0 

0347 

0 

0348 

0 

0343 

0 

0350 

0 

0351 

0 

0352 

0 

0353 

0 

0354 

0 

0355 

0 

0356 

0 

0357 

0 

0358 

EH  Do: 

0359 

RETURN 

0360 

LBL 

— 

14 

0362 

PRNTo: 

0364 

•s 

0365 

0 

0366 

0 

0367 

0 

0368 

0 

0369 

0 

0370 

0 

0371 

0 

0372 

0 

0373 

0 

0374 

0 

0375 

0 

0376 

0 

0377 

0 

0378 

0 

0379 

ENDo( 

0380 

RETURN 

0381 

LBL 

— 

15 

0383 

PRNT-:^ 

0385 

* 

0386 

0 

0387 

0 

0388 

0 

0389 

0 

0390 

0 

0391 

0 

0392 

0 

0393 

0 

0394 

0 

0395 

0 

0396 

0 

0397 

0 

0398 

0 

0399 

0 

@400 

0 

0401 

ENDc^ 

0402 

RETURN 

0403 

NOP 

0404 

LBL 

«...  — 

52 

0406 

CLERR 

0407 

1 

0408 

7 

0409 

+  T- 

0410 

LD«<G0 

0411 

NOP 

0412 

LBL 

— 

98 

0414 

PRNTo: 

0416 

* 

0417 

0418 

* 

0419 

0420 

* 

0421 

0422 

* 

0423 

0424 

* 

0425' 

0426 

0427 

0428 

0429 

04:30 

* 

0431 

0432 

ENDo! 

0433 

CLEAR 

0434 

2 

0435 

0 

0436 

+  #- 

0437 

LD&GO 

0438 

END 

File  -16 


Label  52 

File  -17  is  loaded  into 
the  computer 


File  -20  is  loaded  into 
the  computer 
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M  I..  C.  -  1 7 

TYPE  0 

USED  271 

MAX  1200 

0000  NOP 
0001  CLEAR 
0002  FIX  6 

0004  RCL  A 

0005  STO  C 

0006  1 
0007  7 
0008  0 

0009  STO  H 

0010  4 

0011  STO  D 

0012  FOR  C^HD 

0013  RCL  I  C 
0015  STO  J 

0016  STO  E 

0017  IF  0 
0018  GOTO  L98 


0020 

RCL 

B 

0021 

- 

0022 

1 

0023 

0 

0024 

0 

0 1 1 ,?  5 

0  !.'1  f* 

0 

0 

i' 

•+■ 

0028 

IHT 

0029 

S  T  0 

F 

0  0  3  0 

RCL 

E 

0031 

RCL 

B 

0  0  3  2 

0033 

1 

0  0  3  4 

0 

0035 

0 

0036 

0 

0  0  3  7 

0 

0038 

0 

0039 

■S 

0040 

STO 

G 

0041 

1 

0042 

0 

0043 

0044 

INT 

0045 

1 

0046 

0 

0047 

■S’ 

004  8 

STO 

I 

0049 

RCL 

G 

0050 

RCL 

I 

0051 

-■ 

0052 

5 

0053 

IF  X< 

Y 

0054 

GOTO 

L25 

0056 

GOTO 

L26 

Pile  -17  Is  addressed  whenever  the  range  of 
data  for  the  hole  profile  exceeds  .0015  inch. 

The  result  is  that  the  profile  printout  is 
printed  with  X's  instead  of  zeros.  Each  X 
represents  one  thousandth. 

A  fix  6  is  programned  in  to  print  the  data  to 
6  significant  places. 

A  C,D,H  "For  Next"  loop  is  used  to  analyze  the 
data. 

Register  A  is  recalled  and  stored  in  Register  C. 
Register  A  contains  the  register  nunfcer  of  the 
first  data  entry  for  whatever  axis  is  being 
analyzed. 

170  is  stored  in  Register  H. 

4  is  stored  in  Register  D  to  recall  indirectly 
the  data  stored  in  increments  of  4. 

The  data  taken  by  the  "For  Next"  loop  is  stored 
in  Registers  E  and  J. 

When  it  encounters  an  empty  register  (zero), label 
98  is  addressed. 

Register  B  is  recalled  Cthe  smallest  data  entry) 
and  is  subtracted  from  Register  E.  The  dif¬ 
ference  is  multiplied  by  10,000,  its  integer  is 
calculated  and  the  result  is  stored  in  Register 

F. 


•  Register  B  is  subtracted  from  Register  E. 

The  difference  is  multiplied  bv  100,000  and 
stored  in  Register  G. 

This  same  value  is  divided  by  10,  its  integer 
value  is  taken,  and  then  it  is  multiplied  by 
10.  This  value  is  stored  in  Register  I. 

Register  G  is  recalled. 

Register  I  is  recalled  and  is  subtracted  from 
Register  G. 

If  the  difference  is  more  than  5,  label  25  is 
addressed. 

If  the  difference  is  5  or  less  label  26  is 
addressed.  .^7 


File  -17 


0053  LBL 

- 25 

0060  RCL 

F 

0061  1 

0062  + 

0063  I  NT 

0064  STO 

F 

0065  LBL 

-  26 

0067  RCL 

F 

006  3  I N  T 

0069  i 

0070  0 

0071  IF  X=Y 
0072  GOTO 

1.41 

0074  IF  XiY 
0075  GOTO 

L40 

0077  RCL 

F 

0078  3 

0079  0 

0  0  8  0  i.  1  '■<  =  Y 

0081  Goro 

L42 

0083  IF  XiY 
0084  COTO 

L41 

0086  RCL 

F 

0087  3 

0088  0 

0089  IF  X=Y 
0090  GOTO 

L43 

0092  IF  XiY 
0093  GOTO 

L42 

0095  RCL 

F 

0096  4 

0097  0 

0098  IF  X=Y 
004  9  iOjTO 

L44 

0101  IF  X’iY 
0102  GOTO 

L43 

0104  RCL 

F 

0105  5 

0106  0 

0107  IF  X=Y 
0108  GOTO 

L45 

0110  IF  X i Y 
0111  GOTO 

L44 

0113  RCL 

F 

0114  6 

0115  0 

0116  IF  X=Y 

0117  GOTO 

L46 

0119  IF  Xi’f 

f 

0120  GOTO 

L45 

Register  F  Is  recalled,  incremented  by  1  and  stored 
in  Register  F.  Label  26  is  programmed  in  next. 


-Label  26- 

Reglster  F  ^s  recalled,  its  integer  value  is  cal¬ 
culated  and  it  is  compared  to  the  number  10  (this 
ntimber  is  equivalent  to  a  .001  difference). 


If  the  values  equal,  label  41  is  addressed. 

If  the  nunfcer  10  is  equal  to  or  greater  than  the 
number, label  40  is  addressed. 

If  the  number  10  is  less  than  the  number,  Mgister 
F  is  recalled  and  it  is  compared  to  the  nunfcer 
20. 

If  the  values  equal, label  42  is  addressed. 

If  the  nvnnber  20  is  equal  to  or  greater  than 
register  F,  label  41  is  addressed. 

If  the  number  20  is  less  than  register  F.  re¬ 
gister  F  is  recalled  and  compared  to  the  number 

30. 

If  the  values  equal,  label  43  is  addressed. 

If  the  number  30  is  equal  to  or  greater  than 
register  F,  label  42  is  addressed. 

If  the  number  30  is  less  than  register  F,  re¬ 
gister  F  is  recalled  and  it  is  compared  to  the 

number  40. 

If  the  values  equal,  label  44  is  addressed. 

If  the  number  40  is  greater  than  register  F, 
label  43  is  addressed. 

If  the  number  40  is  less  than  register  F,  re¬ 
gister  F  is  recalled  and  it  is  compared  to  50. 

If  the  values  equal,  label  45  is  addressed. 

If  the  number  50  is  greater  than  register  F, 
label  44  is  addressed. 
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If  the  number  50  Is  less  than  Register  F, 
Register  F  Is  recalled  and  It  Is  compared 
to  the  number  60. 

If  the  values  equal,  label  46  Is  addressed. 

If  the  number  60  Is  greater  than  Register  F, 
label  45  Is  addressed. 


File  -17 


0122  LBL 

- 40 

0124  RCL  F 

0125  FIX  0 

0127  PRNTe( 
0129  * 

0130  PRINT 
0131  ENDot 
0132  NEXT  C 
0133  LBL 

- 41 

0135  RCL  F 

0136  1 
0137  0 
0138  - 

0139  FIX  0 

0141  PRHTo; 
0143  * 

0144  X 
0145  PRINT 
0146  ENDof 
0147  NEXT  C 
0148  LBL 

- 42 

0150  RCL  F 

0151  2 
0152  0 
0153  - 

0154  FIX  0 

0156  PRHTo: 
0158  * 

0159  X 
0160  X 
0161  PRINT 
0162  END'3( 

0163  NEXT  C 


-Label  40- 
Reglster  F  la  recalled. 

A  fix  0  la  progrananed  In  to  ceilt  the  decimal 
point  of  the  number  in  Reglater  F. 

One  aaterlak  la  printed  on  the  tape. 


rhe  number  In  Register  F  la  printed  on  the 
other  aide  of  the  histogram.  This  nunfcer  shows 
how  many  tens  of  thousandths  more  the 
actually  has  without  distorting  the  profile 
n<eture  out  of  scale. 


'*Next  C”  returns  the  program  to  the  "for  next 
loop»Kstep  0013)  for  the  next  data  reading 
to  be  analyzed. 


-Label  41- 

Reglster  F  Is  recalled. 

10  Is  subtracted  from  Register  F. 

A  fix  0  is  programmed  in  to  omit  the  decimal 
part  of  the  difference. 

One  asterisk  and  one  X  are  printed  on  the  tape 
for  the  hole  profile. 


he  difference  number  Is  printed  on  the  other 
ide  of  the  tape  to  show  how  many  tens  of  thou- 
landths  more  the  profile  actually  has  without 
llstortlng  the  profile  picture  out  of  scale. 
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"Next  C"  returns  the  program  to  the  "For  Next" 
loop  (Step  0013). 

-Label  42- 

Reglster  F  Is  recalled, 

20  Is  subtracted  from  Register  F. 

A  fix  0  is  programmed  in  to  omit  the  decimal 
part  of  the  difference. 

One  asterisk  and  two  X*s  are  printed  on  the 
tape  for  the  hole  profile. 

The  difference  number  Is  printed  on  the  other 
side  of  .ne  tape  to  show  how  many  tens  of 
thousandths  more  the  profile  actually  has 
without  distorting  the  profile  picture  out 
of  scale. 

"Next  C"  returns  the  program  to  the  "For  Next" 
loop  (step  0013) . 


File  -17 


0164  L  B  L 

- 43 

0166  RCL  F 

0 167  3 
0168  0 
0169  - 

0170  FIX  0 

0172  PRHTc^ 
0174  * 

0175  X 
0176  X 
0177  X 
0178  PRINT 
0179  EHDci 
0190  NEXT  C 
0181  LBL 

-  44 

j  1 3  3  RCL  F 


'it  1  9  4 

0  1  3  5 

4 

0 

0  1  8  6 

- 

0187 

FIX 

0189 

PRNTo: 

'1191 

* 

-1192 

W 

i“i 

0193 

X 

0194 

K,f 

%  ’i 

0195 

'v* 

1  t 

0196 

PRINT 

0197 

ENDot 

0198 

NEXT 

0 1  9  9 

LBL 

— 

45 

0201 

RCL 

9202 

0203 

5 

0 

0204 

- 

0205 

FIX 

0207 

0209 

PRNTo: 

# 

0210 

X 

0211 

i.,i 

A 

0212 

. 

0213 

y 

1 1 

0214 

V 

l**! 

0215 

PRINT 

0216 

ENDoi 

0217 

NEXT 

0218 

NOP 

-Label  43- 

Reglster  F  la  recalled  > 

30  is  subtracted  from  Register  F. 


A  fix  0  is  programmed  In  to  omit  the 
decimal  part  of  the  difference. 


One  asterisk  and  three  X’s  are  printed  on 
the  tape  for  the  hole  profile. 


The  difference  number  Is  printed  on  the  other 
Bide  of  the  tape  to  show  how  many  tens  of 

»=«  the  profile  eetoally  h«  ^th- 
Ai.tnrttni  the  profile  picture  out  of  scale. 


"Next  C”  returns  the  program  to  the  "For  Next 
loop  (step  0013) e 


-Label  44— 


Register  F  Is  recalled. 

40  is  subtracted  from  Register  F, 

A  fix  0  Is  programmed  In  to  omit  the  decimal 
part  of  the  difference. 

One  asterisk  and  four  zeros  are  printed  on  the 
tape  for  the  hole  profile. 

The  difference  number  is  printed  f 

side  of  the  tape  to  show  how  many  5®"® 

sandths  more  the  profile  actually  has  ^thout 
distorting  the  profile 

"Next  C"  returns  the  program  to  the  Tor  next 

1  nnn  . 


Label  45- 


Reglster  F  Is  recalled. 

50  Is  subtracted  from  Register  F. 

A  "Fix  0"  is  programmed  in  to  omit  the  decimal 
part  of  the  difference. 

One  asterisk  and  five  X»s  are  printed  on  the  tape 
for  the  hole  profile. 
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The  difference  number  Is  printed  on  the  other 
side  of  the  tape  to  show  how  many  tens  of 
thousandths  more  the  profile  actually  has 
without  distorting  the  profile  picture  out 
of  scale. 

"Next  "C"  returns  the  program  to  the  "For 
Next"  loop  (step  0013) . 
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0219  LBL 


— 

98 

0221 

CLEAR 

0222 

FIX 

0224 

RCL 

0226 

1 

0227 

6 

0229 

+  ^- 

0229 

IF  X  =  Y 

0230 

GOTO 

0232 

RCL 

0234 

1 

0235 

- 

0236 

STO 

0238 

C  LEAR 

0239 

RCL 

0241 

LD&GO 

0242 

LBL 

- - 

99 

0244 

0246 

PRNTo: 

* 

0247 

0248 

0249 

0250 

0251 

0252 

0253 

0254 

* 

0255 

0256 

0257 

0258 

0259 

0260 

* 

* 

0261 

EHD':< 

0262 

0 

0263 

STO 

0265 

CLEAR 

0266 

1 

0267 

8 

0268 

+  ^- 

0269 

L  life:  GO 

0270 

END 

0 

R033 


L99 

R033 


R033 

R033 


R0 


-Label  98- 

The  stack  Is  cleared. 

A  flat  0  la  progranmed  In  to  omit  tbe  decimal 
part  of  the  ntanbers  being  recalled. 

Register  33  Is  recalled. 

If  Register  33  contains  -16,  label  99  Is 
addressed . 

Register  33  Is  recalled  again. 

One  Is  subtracted  from  It  and  it  is  restored 
in  Register  33, 

The  stack  Is  cleared. 

Register  33  Is  recalled. 

The  file  corresponding  to  the  number  in  Re¬ 
gister  33  Is  loaded  Into  the  computer. 

-Label  M- 

A  series  of  asterisks  are  printed  along  the 
tape  to  signify  the  end  of  the  hole  profile 
analysis. 


A  zero  Is  stored  In  Register  33. 

File  -18  Is  loaded  in  to  the  computer 
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FILE 

-18 

] 

TYPE 

0 

USED 

116 

MAX 

100er 

0000 

NOP 

File  -18  prints  the  header  statement  for 

0001 

SPRCE 

the  histogram  for  each  hole. 

0002 

SPACE 

0003 

SPACE 

0004 

FIX  0 

0006 

NOP 

0007 

PRNTri 

0009 

0010 

0011 

=: 

0012 

HISTOGRAM 

0  0  1  3 
0014 

OF  DATA 

II I  STR I  BUT  I  ON 

0015 

0016 

:: 

FOR  HOLE  NO. 

0017 

0  0  1  S 

— 

0019 

0020 

s 

0021 

0022 

— 

0023 

0024 

s 

0025 

ENIiof 

Register  025  contains  the  hole  no.  being 

0026 

CL  R  0  2  5 

0028 

0030 

0031 

0032 

PRNTo: 

analyzed . 

0033 

H 

0034 

I 

0035 

S 

0036 

T 

0037 

0 

0038 

G 

0039 

R 

0040 

A 

0041 

M 

0042 

0043 

0044 

0045 

0046 

LINE 

0047 

0 

0048 

0049 

F 

0050 

D 

0051 

A 

0052 

T 

0053 

A 

115 

0054 

LIKE 

0055 

0056 

0057 

n 

0058 

I 

0059 

S 

0060 

T 

0061 

R 

0062 

I 

0063 

B 

0064 

LI 

0065 

T 

0066 

I 

0067 

0 

0068 

N 

0069 

LINE 

0070 

0071 

F 

0072 

0 

0073 

R 

0074 

0075 

H 

0076 

0 

0077 

L 

0078 

E 

0079 

0080 

N 

0081 

0 

0082 

■ 

0083 

0084 

PRINT 

0085 

ENDo( 

0086 

SPACE 

0087 

PRNTcc 

0089 

= 

0090 

0091 

s 

0092 

0093 

= 

0094 

0095 

= 

0096 

0097 

= 

0098 

0099 

= 

0100 

0101 

= 

0102 

0103 

= 

0104 

0105 

END<< 

0106 

FIX 

0108 

SPACE 

0109 

SPACE 

0110 

CLEAR 

0111 

1 

0112 

9 

0113 

+  ^- 

0114 

LD&GO 

0115 

END 

File  -18 


This  program  loads  file  -19  Into  the  computer 
(steps  0111  thru  0114). 
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FILE 

...  1  q 

TYPE 

0 

USED 

626 

MAX 

1  0  0  0 

0000 

HOP 

0001 

PRNT-:^ 

0003 

+ 

0004 

ENDc; 

0005 

CLRfl^J 

0006 

F  I  K 

6 

0008 

RCL 

R01  1 

0010 

STO 

E 

0011 

4 

0012 

1 

0013 

STO 

fl 

0014 

1 

0015 

r 

0016 

0 

0017 

STO 

F 

0018 

FOR 

R->F 

0019 

RCL  I 

Fl 

0021 

IF  0 

0022 

G  CiT  0 

0  0  3  4 

0024 

RCL 

B 

0025 

RCL  I 

n 

0  0  2  7 

I  F  X  i  Y 

0028 

HEXT 

R 

0029 

RCL 

I 

0030 

1 

0  0  3  1 

+ 

0032 

STO 

I 

0033 

NEXT 

fl 

0  0  3  4 

RCL 

I 

0035 

1 

0036 

0037 

IF  X<v 

0  0  3  8 

GOTO 

L  3  0 

0  0  4  0 

GOTO 

0043 

File  -19  prints  a  histogram  for  each  hole 
in  the  lot. 

One  plus  sign  is  printed  on  the  tape. 

Registers  A  through  J  are  cleared. 

"Fix  6”  is  progranmed  in  to  print  the  data 
to  six  significant  digits. 

Register  11  (Lower  Limit  Tolerance)  is  re¬ 
called  and  is  stored  in  Register  B. 

A  "For  Next"  Loop  is  set  up  to  check  the 
data  to  see  how  many,  if  any,  data  entries 
are  smaller  than  the  lower  limitl 

41  is  stored  in  Register  A. 

170  is  stored  in  Register  F. 

Indirect  Register  A  is  recalled  and  com¬ 
pared  to  zero. 

1  -  If  they  equal,  the  program  jumps  to 
step  0034.  Register  I  is  recalled  and 
compared  to  the  number  15. 

a-  If  Register  I  Is  larger  than  15, 
label  30  is  addressed. 

b-  If  Register  I  equal  or  smaller  than 
15,  the  program  Jumps  to  step  48. 

Here  Register  I  is  recalled  (counter) 
and  the  number  in  Register  I  addresses 
a  GoSub  label  of  the  same  number. 

These  various  sub  labels  print  one 
plus  sign  and  different  number  of 
asterisks  depending  on  the  counter 
number  in  Register  I.  The  program 
then  returns  to  step  50. 
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2  -  If  Register  A  does  not  equal  zero. 
Register  B  is  recalled.  Register 
Indirect  A  is  recalled  and  compared 
to  Register  B. 

If  Register  Indirect  wSf 

greater  than  Register  B,  the  For  Next 

Loop  recycles  and  the  next  dat  y 

la  analyzed. 

If  Register  Indirect  A  is  amaller  than 
B,  Register  I  1.  reeelUB.  one 
la  added  to  it  and  it  is  restored  in 
Register  I.  Then  the  "For  Next  hoop 
la^recycled  for  the  next  data  entry  to 
be  analyzed. 
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File  -19 


0042 

LBL 

— 

30 

0044 

GOSUB 

L6£1 

0046 

GOTO 

0050 

0048 

RCL 

I 

0049 

GOSUB 

LX 

0  0  5  0 

RCL 

R01  1 

0052 

PRNTo: 

0054 

+ 

0055 

L I  N£ 

0056 

L 

0057 

B 

0058 

L 

0059 

■ 

0060 

= 

0061 

11 

1 

0062 

V 

0063 

= 

0064 

PRINT 

0065 

EHIi« 

0066 

CLRfl->J 

0067 

RCL 

R01  1 

0069 

1 

0070 

0 

0071 

0 

0072 

0 

0073 

0 

0074 

* 

0075 

I  NT 

0076 

STO 

Fl 

0077 

RCL 

R012 

0079 

1 

0080 

0 

0  0  8  1 

0 

0082 

0 

0083 

0 

0084 

* 

0085 

I  NT 

0086 

1 

0087 

+ 

0088 

STO 

F 

0089 

FOR 

fl^F 

0090 

RCL 

fl 

0091 

RCL 

F 

0092 

IF  K  =  Y 

0  0  9  3 

GOTO 

L56 

0095 

4 

0  0  9  6 

1 

0097 

STO 

B 

0098 

1 

0099 

•*1 

0100 

0 

0101 

STO 

G 

0102 

FOR 

B^G 

0103 

RCL  I 

B 

0105 

IF  0 

0106 

GOTO 

L55 

Go  Sbb  Label  60  la  addressed. 

Label  60  prints  one  plus  sign,  lA  asterisks 
and  one  eero  on  a  line.  The  zero  signifies 
there  are  mere  than  15  data  entries  of  a 
certain  value. 

The  program  returns  to  step  0046  which  In¬ 
structs  tlie  program  to  go  to  step  0050. 

At  step  0050  Register  11  is  recalled. 

Here  one  plus  Is  printed  on  the  tape. 

On  a  second  line  ‘li.L,  ■  W  •  Is  printed 
on  the  tape  along  with  the  value  In  Register 
U, 

Registers  A  through  J  are  cleared. 

Register  11  Is  recalled. 

Register  11  Is  multli>lled  by  10,000,  Its 
Integer  Is  calculated  and  It  Is  stored  In 
Register  A. 

Register  12  (upper  limit  tolerance!  Is  re¬ 
called. 

Register  12  Is  multiplied  by  10,000,  and  its 
integer  Is  calculated, 

1  Is  added  to  this  nuinber  and  It  Is  stored 
Iti  Register  P. 


The  A  F  ’’For  Next"  Loop  Is  set  up  to  keep 
track  of  the  value  of  the  dimension  dia¬ 
meter  being  analyzed. 

Register  A  Is  recalled. 

Register  F  Is  recalled  and  compared  to  Re¬ 
gister  A, 

If  they  equal,  label  56  Is  addressed. 

If  they  don’t  equal,  the  program  jumps  to 
another  "For  Next”  loop, 
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41  is  stored  in  Register  B. 

170  Is  stored  In  Register  G. 

This  "For  Next"  Loop  goes  through  all 
the  data  for  the  hole  being  analyzed  counting 
the  number  of  data  entries  that  are  equal 
to  the  value  In  Register  A  of  the  first 
"For  Next"  Loop. 

Register  Indirect  B  Is  recalled. 

It  Is  equals  zero,  label  55  Is  addressed. 
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t 

t 
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» 


( 

s 
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0108  1 
0109  0 
0110  0 
0111  0 
0112  0 
0113  0 
0114  * 

0115  IHT 
0116  STO 
0118  RCL  I 
0120  1 
0121  0 
0122  0 
0123  0 
0124  0 
0125  * 

0126  IHT 
0127  1 
0128  0 
0129  ^ 

0130  STO 
0132  RCL 
0134  RCL 
0136  “ 

0137  5 
0138  IF  XiY 
0139  GOTO 
0141  RCL 
0143  1 
0144  0 
0145  + 

0146  STO 
0148  LBL 

- 49 

0150  RCL 
0152  1 
015'3  0 
0154 

0155  RCL 
0156  IF  X= 
0157  GOTO 
0159  NEXT 


R000 

B 


R001 
R  0  0  0 
R001 


L49 

R001 


R001 


R001 


fl 

L54 

B 


0218  LBL 

- 54 

0220  RCL 
0221  1 
0222  + 
0223  STO 
0224  NEXT 


I 

I 

B 
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If  Indirect  Register  B  is  not  equal  to  zero, 
it  is  multiplied  by  100,000.  its  Integer  is 
calculated  and  it  is  stored  in  Register  000. 


Indirect  Register  B  is  recalled,  it  is 
multiplied  by  10,000  and  its  integer  is 
calculated . 

This  nutlet  is  multiplied  by  10  and  stored 
in  Register  01. 


Register  00  is  recalled. 

Register  01  is  recalled  and  subtracted  from 
Register  00. 

If  the  difference  is  less  than  or  equal  to 
5,  label  49  is  addressed. 


If  the  difference  is  greater  than  5,  Register 
01  is  recalled,  10  is  added  ot  it  and  it  is 
restored  in  Register  01.  Label  49  is  programmed 


4m  . 


-Label  49- 

Reglster  01  is  recalled  and  divided  by  10. 

Register  A  is  recalled  and  compared  to  the 
above  number. 

If  they  equal,  label  54  is  addressed. 

If  they  don't  dequal,  the  B-G  "For  Next" 
Loop  recycles  to  the  next  data  entry. 

-Label  54- 

Register  I  is  recalled. 

1  is  added  to  it  and  it  is  restored 
in  Register  I. 

The  B-G  "For  Next"  Loop  Is  recycled  for 
the  next  data  entry. 
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0225  LBL 

- 55 

0227  GOSUB 


E 


0160  LBL 


- E 

0162  RCL  fi 
0163  1 


0164  0 
0165  0 


0166 

0 

0167 

0 

0168 

■r 

0169 

STO 

0171 

RCL 

0173 

IF  X  =  Y 

0174 

RETURN 

0175 

RCL 

0177 

RCL 

0179 

IF  X  =  Y 

0180 

RETURN 

0181 

RCL 

0182 

1 

0183 

+ 

0184 

1 

0185 

0 

0186 

r 

0187 

I  NT 

0188 

1 

0189 

0 

0190 

* 

0191 

STO 

0193 

RCL 

0194 

- 

0195 

IF  0 

0196 

GOTO 

0198 

RETURN 

0199 

LBL 

0201 

F 

RCL 

0202 

1 

0203 

0 

0204 

0 

0205 

0 

0206 

0 

0207 

T 

0208 

PRNT'i 

0210 

0 

0211 

= 

0212 

V 

0213 

V 

0214 

= 

0215 

FRINT 

0216 

EHDo: 

0217 

RETURN 

R000 
R01 1 


R000 

R012 

ft 


P000 

fi 

F 

fi 


-Label  55- 

Go  Sub  Level  E  is  addressed. 

-Label  E- 

Reglster  A  is  recalled. 

It  Is  divided  by  10,000  and  storea  in 
Register  00. 

Register  11  Is  recalled  and  Is  compared  to 
Register  00. 

If  they  equal,  the  program  returns  to  Step 
229. 

If  they  don't  equal.  Registers  00  and  12 
are  recalled  and  compared. 

A  -  If  they  equal,  the  program  returns  to 
Step  229. 

B  -  If  they  don't  equal.  Register  A  Is 
recalled  and  1  Is  added  to  It . 

It  Is  divided  by  10  and  Its  Integer  Is 
calculated. 

This  number  Is  multiplied  by  10  and  stored 
in  Register  00. 

Register  A  Is  recalled  and  subtracted  from 
Register  00. 

a  -  If  there  Is  no  difference,  label  F  Is 
addressed . 

b  -  If  there  Is  a  difference,  the  program 
returns  to  step  229. 

-Label  F- 

Reglster  A  Is  recalled. 

It  Is  divided  by  10,000. 

The  message  "0  -  W  Is  printed  along  with 
the  above  number. 

The  program  returns  to  step  229. 
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0229 

RCL 

I 

0230 

1 

0231 

5 

0232 

IF  X<Y 

0233 

ij  0  T  0 

C 

0235 

RCL 

I 

0236 

GOSUB 

LX 

0237 

0 

0238 

STO 

I 

0239 

NEXT 

fl 

0240 

LBL 

0242 

C 

GOSUB 

L60 

0244 

0 

0245 

STO 

I 

0246 

NEXT 

fl 

0247 

LBL 

c 

0249 

•J  o 

RCL 

R012 

0251 

PRNT-:; 

0253 

U 

0254 

■ 

0255 

L 

0256 

s 

0257 

= 

0258 

* 

0259 

* 

0260 

= 

0261 

PRINT 

0262 

ENDo! 

0263 

PRHl'-J. 

0265 

+ 

0266 

END  of 

Register  I  is  recalled  and  compared  to  the 
ntanber  15. 

If  Register  I  Is  15  or  greater,  label  C  is 
addressed. 

If  Register  I  Is  less  than  15,  Register  I 
Is  recalled  and  It  addresses  a  GoSub  label 
of  the  sane  nunber. 

This  label  number  ranging  from  0  to  15  prints 
one  plus  sign,  and  varying  numbers  of  as¬ 
terisks  to  show  how  many  data  entries  are  of 
a  certain  value. 

Zero  is  stored  In  Register  I  and  the  A-F  "For 
Next"  Loop  Is  recycled  for  the  next  dimension 
analysis . 


-Label  C- 

Go  Sub  label  Is  addressed.  (Label  60  prints 
one  plus  sign,  14  asterisks  and  one  zero  on 
a  line.  The  zero  signifies  there  are  more 
than  15  data  entriv  i  of  a  certain  diameter). 

0  Is  stored  In  Register  I. 

"Next  A"  recycles  the  A-F  "For  Next"  Loop 
for  the  next  dimension  analysis. 

-Label  56- 

Reglster  12  (upper  limit  tolerance)  Is  re¬ 
called. 

The  message 

"U.L.  -  **  -"  Is  printed  along  with  the 
contents  of  Register  12. 

One  plus  sign  Is  printed  on  the  next  line. 
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0267 

CLRR4 J 

0268 

PCL 

R01, 

0270 

. 

0271 

0 

0272 

0 

0273 

0 

0274 

1 

0275 

0276 

STO 

B 

0277 

4 

0278 

1 

0279 

STO 

ft 

0280 

1 

0281 

0282 

0 

0283 

STO 

F 

0284 

FOR 

fl^F 

0285 

RCL  1 

ft 

0287 

IF  0 

0288 

GOTO 

L59 

0290 

RCL 

B 

0291 

IF  X<V 

0292 

GOTO 

L53 

0294 

NEXT 

ft 

0295 

LBL 

0297 

58 

RCL 

I 

0298 

1 

0299 

+ 

0300 

STO 

I 

0301 

NEXT 

ft 

0302 

LBL 

— 

59 

0304 

Ri'L 

I 

0305 

1 

0306 

5 

0307 

IF  X<Y 

0308 

GOTO 

D 

0310 

RCL 

I 

0311 

GOSUB 

LX 

0312 

GOTO 

031 

Registers  A  through  J  are  cleared. 

Register  12  Is  recalled. 

;0001  Is  added  to  Register  12  and  the 
total  Is  stored  In  Register  B. 

A.  A  F  "For  Next"  Loop  Is  set  up  to  check 
the  data  for  any  entries  larger  than  the 
upper  limit  tolerance. 

41  Is  stored  In  Register  A. 

170  Is  stored  In  Register  F. 

Indirect  Register  A  Is  recalled  and 
compared  to  zero. 

1  -  If  they  equal,  label  59  Is  addressed. 

2  -  If  they  don't  equal.  Register  B  Is  re¬ 

called  and  the  two  numbers  are  com¬ 
pared. 

a  -  If  Register  Indirect  A  Is  larger 

than  Register  B,  label  58  Is  addressed 

b  -  If  Register  Indirect  A  Is  smaller 

than  Register  B,  the  "For  Next"  Loop 
Is  recycled  for  the  next  data  entry. 

-Label  58- 

Reglster  I  Is  recalled. 

One  Is  added  to  It  and  It  Is  restored  In 
Register  I. 

"Next  A"  recycles  the  A-F  "For  Next"  Loop 
for  the  next  data  entry. 
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-Label  59- 

Reglster  I  la  recalled  and  compared  to 
the  nianber  15. 

If  Register  I  is  larger  than  15,  label  D 
is  addressed. 

If  Register  I  is  equal  to  or  less  than  15, 
Register  I  is  recalled. 

A  GoSub  routine  is  addressed  by  the  number 
in  Register  I. 

The  program  jumps  to  step  0318. 
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0314 

LBL 

— 

n 

0316 

GOSUI 

03  IS 

PRNT' 

0330 

+ 

0321 

EH  Do: 

0322 

PRNT' 

0324 

0325 

0326 

+ 

0327 

0328 

0329 

0330 

. 

0331 

0 

0332 

0 

0333 

0 

0334 

i 

0335 
0  3  3  6 

I 

0337 

H 

0338 

c 

0339 

H 

0340 

EHric< 

0341 

EH  Do: 

0342 

PRHT 

0344 

ifr 

0345 

0346 

•4; 

0347 

0348 

0349 

0350 

0351 

0352 

0353 

0354 

0355 

0356 

0357 
0  3  5  8 

•if 

0359 

0360 

EH  Do: 

0361 

G  0  T  0 

0363 

HOP 

-Label  D- 

GoSub  Label  60  Is  addressed. 

Label  60  prints  one  plus  sign,  14  asterisks 
and  one  zero  on  a  line.  The  zero  signifies 
there  are  more  than  15  data  entries  of  a  :.(.r- 
taln  diameter. 

One  plus  sign  is  printed. 

The  message 

"X  -  .0001  inch"  is  printed  on  the 

tape, 

A  line  of  asterisks  is  printed  on  the  tape  to  show 
the  histogram  analysis  is  comoleted. 


Label  99  is  addressed. 
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0421  LBL 
- 06 


0364  LBL 

0423  PR N T o'. 

- 00 

0425  + 

0366  PRNTo: 

0426  * 

0368  + 

0427  ^ 

0369  ENli* 

0428  * 

0370  RETURH 

0429  * 

0371  LBL 

0430  * 

-  01 

0431  * 

0373  PRHTo: 

0432  E  N  D  0 

0  3  75  + 

0433  RETURN 

0  3  7  6  +' 

0434  LBL 

037  7  E^‘ 

-  07 

@378  PBTULL 

0436  PRNTo; 

0379  LP! 

0438  + 

- 0  p 

0439  * 

0381  PRNTo: 

0440  * 

0 :3  b‘ ■* 

0441  * 

038  4  ^ 

0442  * 

0  3  8  5  * 

0443  * 

01 :3  8  6  E  N  D  *: 

0444  * 

0387  RETURN 

0445  * 

0388  lBL 

0446  ENIio: 

-  0  3 

0447  RETURN 

0390  PRNT'- 

0448  LBL 

0392  + 

- 08 

0393  ^ 

0450  PRNTo. 

0 :3  9  4  ^ 

0452  + 

0395  ^• 

0453 

0  3  9  6  E  N  I)  o 

0454  * 

0397  RETURN 

0455  * 

0'5  9  8  L.  B  L 

0456  * 

-  04 

0457  * 

0400  PRNTc 

0458  * 

0404  + 

0459  * 

0403  * 

0460  * 

0404  ^ 

0461  ENDO 

0  4  0  5  * 

0462  RETURN 

0  4  0  6  * 

0463  LBL 

0407  ENIio: 

- 09 

0408  RETURN 

0465  PRNTo; 

0409  LBL 

0467  + 

- 05 

0468  * 

0411  PRNTo: 

0469  * 

0413  + 

0470  * 

0414  * 

0471  * 

0415  * 

0472  * 

0416  * 

0473  * 

0417  * 

0474  * 

0418  ^ 

0475  * 

0419  ENDo: 

0476 

0420  RETURN 

0477  ENDO 
0478  RETURN 
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0479  LBL 
----  10 
0481  PRNTo( 
0483  + 

0484  * 

0485  * 

0486  * 

0487  * 

0438  ♦ 

0489  * 

0490  * 

0491  > 

0492  * 

0493  * 

0494  F:NDct 
0495  RETURN 
0496  LBL 

-  11 

0498  PRHTot 
0500  + 

0501  » 

0502  * 

0503  * 

0504  * 

0505  * 

0506  * 

0507  * 

0503  * 

0509  * 

0510  * 

0511  * 

0512  ENDof 
0513  RETURN 
0514  LBL 
----  12 
0516  PRNToJ 
0518  + 

0519  * 

0520  * 

0521  * 

0522  * 

0523  * 

0524  * 

0525  * 

0526  * 

0527  * 

0528  * 

0529  * 

0530  * 

0531  ENDflJ 
0532  RETURN 


0533  LBL 

- 13 

0535  PRNTof 
0537  + 

0538  * 

0539  ♦ 

0540  * 

0541  * 

0542  ♦ 

0543  * 

0544  * 

0545  * 

0546  ♦ 

0547  * 

0548  * 

0549  * 

0550  * 

0551  ENDrt 
0552  RETURN 
0553  LBL 

- 14 

0555  PRNTc( 
0557  + 

0558  * 

0559  * 

0560  * 

0561  * 

0562  * 

0563  * 

0564  * 

0565  * 

0566  * 

0567  * 

0568  * 

0569  * 

0570  * 

0571  * 

0572  ENDoJ 
0573  RETURN 


128 


File  -19 


0574  LBL 

- 15 

0576  PRNTo( 
0578  + 

0579  * 

0580  * 

0581  * 

0582  * 

0583  * 

0584  * 

0585  * 

0586  * 

0587  * 

0588  * 

0589  * 

0590  * 

0591  * 

0592  * 

0593  * 

0594  ENDot 
0595  RETURN 
0596  LBL 
----  60 
0598  PRNTo! 
0600  + 

0601  * 

0602  * 

0603  * 

0604  * 

0605  * 

0606  * 

0607  * 

0608  * 

0609  * 

0610  * 

0611  * 

0612  * 

0613  * 

0614  * 

0615  0 
0616  ENDoi 
0617  RETURN 
0618  LBL 

- 99 

0620  CLEFii 
0621  2  . 
0622  0 
0623  +#- 
0624  LD&GO 
0625  END 


«Lab«l  99r 

Ftl«  -‘20  lo«d«d  Into  th«  conptttM. 
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FILE  -20 
TYPE  0 

USED  111 

MAX  1000 


0000  HOP 
0001  NOP 
0002  SPRCE 
0003  SPACE 
0004  SPACE 
0005  RCL  R003 
000?  2 
0063  IF  X=V 


0  0  0  9 

G  0  T  0 

0011 

PRNTo: 

0013 

I 

0014 

N 

0015 

C' 

00  1  6 

E 

0017 

R 

00  1  8 

T 

0019 

0020 

D 

0021 

A 

0022 

T 

0023 

A 

0024 

0025 

T 

0026 

A 

0027 

P 

0023 

E 

0029 

ENric< 

0030 

STOP 

0031 

SPfiCE 

0032 

CLEAR 

0  0  3  3 

FIX 

0035 

RCL 

0037 

1 

0038 

+ 

0039 

PRNTo: 

0041 

N 

0042 

E 

0043 

i  'i 

0044 

T 

0045 

0046 

H 

0047 

0 

0048 

L 

0049 

E 

0050 

0051 

PRINT 

0052  EHIiot 


Register  3  is  recalled  and  compared  to  the 
number  2 . 

If  they  equal,  label  99  is  addressed. 


If  they  don't  equal,  the  message  "Insert 
Data  Tape"  Is  printed.  With  the  Data  Tape 
now  in  the  Computer,  Register  25  is  recalled 
and  1  is  added  to  it. 


The  message  "Next  Hole"  is  printed  along  with 
the  above  number. 
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Register  A  through  J  are 
cleared . 
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0053 

CLRfl^ J 

0054 

RCL 

0  0  5  6 

1 

0057 

+ 

0058 

STO 

0059 

0 

0060 

#REGS 

0061 

CLEAR 

0062 

1 

0063 

-j 

0064 

0 

0065 

#REGS 

0066 

RCL 

0067 

STO 

0069 

CLX 

0070 

FIX 

0072 

1 

0073 

*7 

1 

0074 

0 

0075 

#REGS 

0076 

0 

0077 

0 

0078 

ENTERt 

0079 

RCL 

0081 

LOAD 

0082 

CLRA^J 

0083 

SPACE 

0084 

PRHTc.: 

0086 

I 

0087 

N 

0088 

C’ 

o 

0089 

E 

0090 

R 

0091 

T 

0092 

0093 

P 

0094 

R 

0  0  9  5 

G 

0  0  9  6 

M 

0097 

0098 

T 

0099 

A 

0100 

P 

0101 

E 

0102 

ENDo: 

0103 

STOP 

0104 

CLEAR 

0105 

8 

0106 

0107 

LDS^GO 

0108 

LBL 

— 

99 

0110 

END 

Register  25  Is  recalled.  1  Is  added  to 
It  and  It  Is  stored  In  Register  A. 

"0#REGS"  clears  all  memory  registers. 

"Clear"  clears  the  register  stack. 

"170#REGS"  opens  up  170  registers  for 
data  storage. 

Register  A  Is  recalled  and  Is  stored  In 
Register  25. 

"CLX"  clears  the  X  Register  In  the  stack. 

Fix  0  drops  all  the  decimal  parts  of  the 
numbers  being  programmed . 

Steps  0072  throgh  0081  load  the  next  file 
Into  the  Computer  to  repeat  the  Individual 
hole  analysis  with  the  next  hole. 

The  message  "Insert  PRGM  Tape"  is  printed 
on  the  tape. 

With  the  program  tape  in  the  Computer, 

File  -8  Is  loaded  Into  the  Computer. 
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FILE 

TYPE 

USED 

MAX 

00@0 
000  1 
0002 
0004 
0005 
0006 
00  37 
0008 
0009 
@010 
001  1 
0012 
0013. 
0014 
0015 
0016 
0017 
0018 
0019 
0020 


0021 

SPACE 

0022 

PRNTo: 

0024 

I 

0025 

N 

0026 

c 

0027 

E 

0028 

R 

0029 

0030 

T 

0031 

P 

li*  1 

0032 

R 

0 

0033 

G 

3  7 : -1 

0034 

M 

1000 

0035 

0036 

T 

NOP 

0037 

A 

NOP 

0038 

P 

PRNTo; 

0039 

E 

I 

N 

0040 

A 

0041 

F 

c 

0042 

T 

E 

0043 

E 

p 

0044 

R 

T 

0045 

0046 

H 

n 

0047 

E 

Fi 

0048 

A 

T 

0049 

B 

A 

0050 

E 

0051 

R 

T 

0052 

1 

B 

0053 

I 

p 

0054 

b 

I 

E 

0055 

LINE 

ENDci 

0056 

P 

0057 

R 

0058 

I 

0059 

N 

0060 

T 

0061 

E 

0062 

D 

0063 

ENDot 

0064 

SPACE 

0065 

SPACE 

0066 

STOP 

Steps  0000  through  0066 
print  the  message  shovn 
below  • 


INSERT  DATA  TAPE 

INSERT  PRGM  TAPE 
AFTER  HEADER  IS 
PRINTED 
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<iM^o(W.-9M*u;MA«>WilllklM«UJWJBII‘ 


0067 

0069 

0070 

0071 

0072 

0073 

0074 

0075 

0076 

0077 

0078 

0079 

0080 

0081 

0082 

0083 

0084 

0085 

0086 

0087 

0089 

0090 

0091 

0092 

0093 

0094 

0095 

0096 

0097 

0098 

0099 

0100 

0101 

0102 

0103 

0104 

0105 

0106 

0107 

0108 

0109 

0110 

0111 

0112 

0113 

0114 

0115 

0116 

0117 

0118 

0119 


0120 

0121 

s 

PRNTc< 

0122 

• 

0123 

0124 

0125 

0126 

H 

0127 

I 

0128 

c 

0129 

T 

0130 

0 

0131 

G 

0132 

R 

0133 

A 

0134 

M 

0135 

0136 

0137 

B 

0138 

B 

ENDo! 

0139 

SPACE 

0140 

D 

PRNTo! 

0141 

I 

0142 

S 

0143 

T 

0144 

R 

0145 

I 

E 

0146 

B 

X 

0147 

U 

E 

0148 

T 

L» 

c 

0149 

I 

u 

0150 

0 

T 

0151 

N 

I 

V 

0152 

0153 

a 

E 

0154 

LINE 

0155 

= 

0156 

0157 

LINE 

0158 

=: 

0159 

= 

■ 

0160 

=: 

0161 

0162 

=: 

0163 

= 

0164 

= 

Ij 

0165 

=: 

M 

0166 

=: 

M 

0167 

= 

f\ 

0168 

s: 

R 

0169 

s 

Y 

0170 

s: 

0171 

ENDoJ 

0172 

SPACE 

0173 

SPACE 
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File  -21 

$tep9  0067  through 
0173  print  the  message 
shovn  beleir. 


EXECUTIVE  . 

.  SUMMARY 
.  HISTOGRAM  . 
.  DISTRIBUTION  . 


Label  A  Is  progransed 
In  next 


File  -21 


4 


] 

i 

I 


I 


i 

i 


i 


i 


kL 


0174 

LBL 

— 

fl 

0176 

1 

0177 

0  1  7  8 

: 

0179 

0180 

•i  ■  ’■ 

0181 

l:L'  ri-*  t 

0132 

C  . 

0183 

1 

0  1 8  5 

1 

0188 

1 

0137 

3 

0188 

0  1  89 

<d 

0190 

0 

0191 

EH;ERr 

0192 

0193 

1 

0194 

t*  ^  - 

0195 

LORD 

0196 

RCL 

0198 

PRNT':^ 

0200 

D 

020  1 

H 

0202 

T 

0203 

0204 

R 

0205 

0206 

.1 

0207 

.1 

0  2  0  8 

R 

0  2  0  9 

0210 

0211 

E 

0212 

PRINT 

0213 

EH  lid 

0214 

RCL 

0216 

PPMTd 

0213 

D 

0219 

H 

0i:20 

r 

022  1 
0222 

H 

0223 

L 

0224 

0 

0225 

0226 

T 

0227 

PRIH  ;■ 

0228 

E  N  P  o: 

0229 

0231 

0232 

0233 

0234 

0235 

0236 

PRNTd 

0237 

0238 

* 

0239 

* 

024  0 

EH  rid 

File  -21  Is  written  primarily  to  scan  all  the 
data  files  to  pick  out  the  lowest  and  highest 
reading  for  each  hole  In  the  lot.  This  data 
is  used  here  to  analyze  an  executive  sunmary 
histogram  for  each  lot. 

-Label  A- 

17Q  registers  are  opened  for  data  storage. 

Registers  A  through  I  are  cleared. 

File  -21  of  the  data  tape  Is  loaded  Into  the 
computer. 

Register  17  Is  recalled  (data  source)  and  printed. 
Register  15  Is  recalled  (data  lot)  and  printed. 

The  message  printed  on  the  tape  Is  shown  below. 


PFiTH  source  0 

D  H  T  H  L  0  T  0 
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I 


0241 

0242 

1 

02  43 

■t  ^  - 

0244 

STO 

R  0  0  4 

0246 

4 

0247 

9 

024  8 

3  T  n 

G 

0248 

GOTO 

C 

0251 

3PRCE 

0252 

LBL 

— 

B 

0254 

r:  L  E  R  P 

0255 

FIX 

u 

02  5  7 

I 

0258 

•? 

0258 

0 

0260 

#REG3 

0  2  6  i 

0 

0262 

0 

0263 

ENTER t 

026  4 

R  C  L, 

R004 

0  2  6  6 

LOR  II 

026?  L£:L 


C 


0268 

RCL 

R028 

0271 

IF  - 

027  2 

STO 

R  0  0  4 

0274 

F  I  X 

6 

0  2  7  6 

RCL. 

G 

0  2  7  7 

i 

0  2  7  ti 

+ 

0^79 

S  T  0 

G 

0  2  3  0 

F!  C  L 

R  0  1  4 

0  ill  y  w 

F  I X 

0 

0234 

STO  I 

G 

0  2  3  6 

R  C  L. 

G 

0237 

t 

0283 

+ 

0238 

STO 

G 

0280 

RCL 

R0  1  3 

0282 

ST  1,1  i 

l-a 

0284 

r;l 

R  0  0  4 

0  £  9  6 

1 

0287 

■- 

02  88 

S  T  0 

R004 

0  3  0  0 

5 

0301 

0 

0302 

-i-  r,;  ■  - 

0  3  0  3 

IF  X=i' 

0  3  0  4 

G  ij  T  0 

1, 5  0 

0306 

RCL 

R004 

0  3  0  3 

I  DENT 

0308 

ROLL  4 

@310 

ROLL.  4 

0311 

R0I....L.T 

0312 

C* 

0313 

IF  X  =  Y 

03  1  4 

U  U  1  tl 

L50 

0316 

GOTO 

B 

File  -21 

-21  Is  stored  in  register  0.4. 

40  Is  stored  In  register  G. 

Label  C  is  addressed. 

-Label  B- 

Kegister  04  is  recalled, 

The  file  with  that  number  is  loaded  into  the 
computer. 

-Label  C- 

"Fiac  6”  sets  up  the  data  entries  to  six  significant 

digits. 

Register  G  is  recalled. 

1  la  added  to  it  and  it  is  restored  in  Register 
G, 

Register  14  (highest  reading)  Is  recalled. 

It  Is  stored  indirectly  In  register  G. 

Register  G  is  recalled. 

1  is  added  to  it  and  it  Is  restored  in  register 
G. 

Register  18  (lowest  reading)  Is  recalled. 

It  Is  stored  indirectly  In  register  G, 

Register  04  is  recalled. 

1  is  subtracted  from  it  and  it  is  restored  in 
register  04, 

This  number  is  compared  to  a  -50  i 

If  they  equal,  label  50  is  addressed. 

If  they  don't  equal,  register  04  is  recalled. 

The  file  with  this  number  is  Identified  and 
its  file  type  is  compared  to  the  nundier  5. 

If  they  equal,  label  50  Is  addressed. 

If  they  don't  equal,  label  B  Is  addressed. 
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0318 

LBL 

— 

50 

0320 

2 

0321 

STO 

R003 

0323 

FIX 

0 

0325 

RCL 

R004 

0327 

+  ^- 

0328 

o 

hm 

0329 

1 

0330 

- 

0331 

PRNTo; 

0333 

PRINT 

0334 

0335 

H 

0336 

0 

0337 

L 

0338 

E 

0339 

0340 

L 

0341 

0 

0342 

T 

0343 

0344 

0345 

0346  end-3! 
0347  PRHT«< 
0349  = 

0350  = 

0351  = 

0352  = 

0353  = 

0354  = 

0355  = 

0356  = 

0357 
0358  = 

0359  = 

0360  = 

0361  = 

0362  = 

0363  = 

0364  = 

0365  ENDfl! 
0366  STOP 
0367  CLEAR 
0368  1 
0369  9 
0370  +^- 
0371  LD8<G0 
0372  END 


-Label  50“ 

2  te  stored  In  register  03, 

"Fix  0"  drops  the  decimal  portion  of  the 
following  numbers. 

Register  04  Is  recalled. 

-21  Is  subtracted  from  It. 

This  number  shoirs  how  many  holes  are  In  the  lot 
«nd  is  printed  as  such. 

Fils  -19  !•  loaded  Into  the  computer  to  do 
the  actual  histogram  layout  for  the  summary. 
(See  f  lU  -19) . 
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FILE  -22 
TYPE  0 

USED  The  message 

MAX  1000  "Insert  Data  Tape”  Is  printed. 


0000 

NOP 

0001 

NOP 

0002 

PRNTo: 

0004 

I 

0005 

N 

0006 

S 

0007 

E 

0008 

R 

0009 

T 

0010 

0011 

D 

0012 

A 

0013 

T 

0014 

A 

0015 

0016 

T 

0017 

A 

0018 

P 

0019 

E 

0026 

ENDo! 

0021 

STOP 

0022 

SPACE 

0023 

FIX 

0025 

PRNTo: 

0027 

H 

0028 

0 

0029 

L 

0030 

E 

0031 

0032 

N 

0033 

0 

0034 

a 

0035 

0 

0036 

0037 

ENDof 

0038  STOP 
0039  PRINT 
0040  2 
0041  0 
0042  + 

0043  +^- 

0044  STO  R004 

0046  CLRfl'+J 
0047  #REGS 
0048  CLX 
0049  FIX  0 

0051  3 
0052  5 
0053  #REGS 
0054  0 
0055  0 
0056  ENTERt 
0057  RCL  R004 

0059  LORD 
0060  SPACE 


With  the  data  tape  In  the  computer,  the  machine 
asks  for  the  hole  nund>er. 

The  hole  nuad>er  gets  printed  on  the  tape. 

20  Is  added  to  the  hole  number  and  Its  sign 
Is  Inverted  to  a  negative  nun&er. 


This  nuid>er  Is  stored  In  register  4. 

Registers  A  through  J  are  cleared. 

"#  Regs”  programmed  alone  open  up  aero  registers 
for  storage. 

Register  X  of  the  stack  Is  cleared. 

"Fix  O'*  removes  the  decimal  part  of  the 
following  nunbers. 

Register  4  is  recalled  and  the  file  with  that 
number  Is  loaded  Into  the  computer. 
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0061  RCL  R015 
0063  PRHTo' 

0065  . 

0066 
0067  . 

00  6  S 
0  0  6  9  . 

0  0  7  0 


00  71 

0117 

0073 

0 1 1  8 

- 

00  73 

0119 

B 

007  4 

0120 

Y 

0075 

a 

0121 

0  0  7  6 

0122 

H 

0077 

■ 

0123 

0 

0078 

0124 

L 

0079 

■ 

0125 

E 

0080 

■ 

0126 

- 

008  1 

LINE 

0127 

0082 

0128 

0083 

0129 

0084 

0130 

s 

008  5 

E 

0131 

a 

0086 

1 ,1 

0 1 3  2 

008  7 

E 

0  1 3  3 

0  0  8  8 

r 

0134 

0  0  8  9 

1.1 

0135 

0  0  9  0 

T 

0136 

0091 

I 

0137 

F 

0092 

0138 

0 

0093 

E 

0139 

R 

0094 

0140 

0095 

0141 

0096 

0142 

0097 

0143 

0098 

LINE 

0144 

0099 

0145 

0100 

0146 

a 

0101 

0147 

m 

0102 

0148 

0103 

0149 

0104 

ij 

0150 

0105 

M 

0151 

0106 

M 

0152 

0107 

fl 

0153 

L 

0108 

R 

0154 

0 

0109 

Y 

0155 

T 

0110 

0156 

011  1 

0157 

PRINT 

0112 

0158 

0113 

0159 

0114 

0160 

0115 

0161 

0116 

0162 

• 

0163 

ENDc< 

■l 

i 


File  -22 


Steps  0061  through 
0203  print  the  message 
below. 


.  EXECUTIVE 

SUMMARY 
.  -BY  HOLE- 
FOR 
LOT  11 

• 

.IiflTfl  SOURCE  94. 


Registers  15  (hot  No.) 
is  recalled  and  printed. 


File  -22 


0164  RCL  R017  Register  17  (data  source)  Is  recalled  and 

0166  P  R  N  T  printed . 

0168  . 

0169  n 
0170  R 
0171  T 
0172  fi 
0173 

0174  S  . 

0175  0 
0176  LI 
0177  R 
0178  C 
0179  E 
0180 

0181  PRINT 
0183  . 

0183  EHiic^ 

0184  PRNTo: 

0186  * 

0187 
0188  * 

0189 
0190  * 

0191 
0192  * 

019  3 
0194  * 

0195 
0196  * 

0197 
0198  * 

0199 

0200  *  Label  C  la  addressed. 

0201 

02  02  ENIiv 
020  3  SPfiCi: 

020  4  G  0  0  C 
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0206  LBL 

- B 

0208  CLX 
0209  FIX  0 

0211  3 
0212  5 
0213  #REGS 
0214  0 
0215  0 
0216  ENTER! 

0217  RCL  R004 

0219  LOAD 
0220  LBL 

----  c 

0222  RCL  R025 

0224  PRNTti 

0226  H 

0227  0 

0228  L 

0229  E 

0230 

0231  N 

0232  0 

0233  . 

0234 

0235  PRINT 
0236  ENDo( 

0237  PRNTo! 

0239  = 

0240 
0241  = 

0242 
0243  = 

0244 
0245  = 

0246 
0247  = 

0248 
0249  = 

0250 
0251  = 

0252 
0253  = 

0254 

0255  EUDc< 


-Label  B- 

'*Flx  0”  drops  the  declnal  part  of  the  following 
numbers. 

Register  4  Is  recalled,  and  the  file  w^th  that 
nu^er  Is  loaded  Into  the  computer. 


0256  RCL  R013 
0258  PRNTc< 

0260  PRINT 
0261 
0262 
0263  D 
0264  ft 
0265  T 
0266  A 
0267 
0268  E 
0269  N 
0270  T 
0271  R 
0272  I 
0273  E 
0274  S 
0275  ENDo< 

0276  PRNToi 
0278  = 

0279 
0280  = 

0281 
0282  = 

0283 
0284  = 

0285 
0286  = 

0287 
0288  = 

0289 
0290  = 

0291 
1292  = 

0293 

0294  ENDot 


-LiAel  C- 

Thls  label  prints  the 
message  below. 


HOLE  NO.  _l 

20'  DATA  ENTRIES 


Register  25  (Bole  No.) 
la  recalled  and  printed. 


Register  13  (No.  of 
data  entries)  Is  re¬ 
called  and  printed. 
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Steps  Q296  through  0370 
print  the  message  below. 


0331 

PRNTc< 

0333 

0295 

SPACE 

0334 

0296 

PRHTc; 

0335 

L 

0298 

H 

0  3  3  6 

0 

0299 

0 

0337 

W 

0  3  0  0 

L 

0338 

E 

0301 

E 

0339 

R 

0  3  0  2 

0340 

0303 

s 

0341 

L 

0304 

I 

0342 

I 

0305 

ilL 

0343 

M 

0  3  0  6 

E 

0344 

I 

0307 

0345 

T 

0308 

ENDc! 

0346 

= 

0309 

PRHTc^ 

0347 

ENDo! 

0311 

0348 

RCL 

0312 

0350 

PRINT 

0313 

IJ 

0351 

PRNT':< 

0314 

P 

0353 

= 

0315 

P 

0354 

0316 

E 

0355 

0317 

R 

0356 

0310 

0357 

= 

0319 

L 

0358 

0320 

I 

03^)9 

= 

0321 

M 

0  3  6  0 

0322 

I 

0361 

0323 

T 

0362 

0324 

= 

0363 

= 

0325 

ENDo: 

0364 

0326 

FIX 

6 

0365 

Z 

0320 

RCL 

R012 

0366 

0330 

PRINT 

0367 

X 

0368 

0369 

EK 

0370 

SPRCE 

Ren 


HOLE  SIZE^^ 
UPPER  LIMIT= 
0.315000 
LOWER  LIMIT= 
0.312000 


"Fix  6”  sets  the  data 
to  six  significant 
digits. 

Register  12  (upper 
limit)  Is  recalled 
and  printed. 


Register  11  (lower 
limit)  Is  recalled 
and  printed. 
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0371  PRNTot 
0373  H 
0374  I 
0375  G 
0376  H 
0377  E 
0378  S 
0379  T 
0380 
0381  R 
0382  E 
0383  R 
0384  D 
0385  I 
0386  N 
0387  G 
0388  = 

0389  ENDoi 
0390  RCL  R014 
0392  PRINT 
0393  PRNTot 


0395 

0396 

0397 

0398 

0399 

0400 

0401 

* 

0402 

0403 

* 

0404 

END«( 

0405 

PRNT<k 

Cf407 

L 

0408 

0 

0409 

W 

0410 

E 

0411 

S 

0412 

T 

0413 

0414 

R 

0426 

0415 

E 

0416 

A 

0428 

0417 

D 

0429 

0418 

I 

0430 

0419 

N 

0431 

0420 

G 

0432 

0421 

= 

0433 

0422 

ENDot 

0434 

0423 

RCL  R018 

0435 

0425 

PRINT 

0436 

0437 

9t«p»  0371  through 
0437  print  tho 

■MMg*  6ol0W> 


HIGHEST  READING® 
0.313391 
««« 

LOWEST  READING® 
0.313090 


Roglotov  14  (Mgh««t 
rMdtng)  !•  roenllod 
and  printod. 

RigUtor  18  Clowuut 
roadtng)  U  rocallod 
and  prtntad. 


PRNTof 


* 

* 

ENDei 
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0486 

PRNToi 

0488 

M 

0489 

A 

0490 

X 

0438 

PRNTot 

0491 

a 

0440 

M 

0492 

0441 

A 

0493 

U 

044Z 

X 

0494 

N 

0443 

a 

0495 

D 

0444 

.  0496 

E 

0445 

0 

0497 

R 

0446 

V 

0498 

S 

0447 

E 

0499 

I 

0448 

R 

0500 

Z 

0449 

S 

0501 

E 

0450 

I 

0502 

s: 

0451 

Z 

0503 

ENDoi 

0452 

E 

0504 

RCL 

0453 

= 

0506 

RCL 

0454 

ENDot 

0508 

- 

0455 

RCL 

R014 

0509 

IF  - 

0457 

RCL 

R012 

0510 

0 

0459 

- 

0511 

PRNToi 

0460 

IF  - 

0513 

0461 

0 

0514 

0^)62 

PRNToi 

0515 

0464 

0516 

0465 

0517 

- 

0466 

0518 

- 

0467 

0519 

- 

0468 

+ 

0520 

- 

0469 

+ 

0521 

PRINT 

0470 

+ 

0522 

ENDoi 

0471 

+ 

0523 

PRNToi 

0472 

PRINT 

0525 

s 

0473 

END«( 

0526 

0474 

PRNToi 

0527 

= 

0476 

0528 

0477 

0529 

s 

0478 

0530 

0479 

0531 

s 

0480 

0532 

0481 

0533 

= 

0482 

* 

0534 

0483 

* 

0535 

s 

0484 

* 

0536 

0485 

ENDoi 

0537 

s 

0538 

0539 

ss 

0540 

0541 

ENDoi 

143 

Step*  Q438  through 
0541  print  the  oeaeage 
helovt 

MAX.  0VERSIZE= 

4- -t-o.  000000 

MAX.  UNDERSIZE= 

- 0.000000 


geglater  14  (hlgheat 
reading)  la  recalled. 

Reglater  12  (upper 
linlt  tolerance)  la 
recalled  and  auhtraeted 
from  reglater  14. 

If  the  anawer  la  nega¬ 
tive,  leroa  appear  In 
the  printout  with  4 
pluB  algna. 

If  the  anawer  la  poal- 
tlve.  It  la  printed 
along  with  4  plua  algna. 

Reglater  11  (lower  limit 
tolerance)  la  recalled. 

Reglater  18  la  recalled, 
and  auBtracted  from 
reglater  11. 

If  the  anawer  la  ne¬ 
gative,  aeroa  are  printed 
on  the  tape  with  4  mlnuea 

algna. 

If  the  anawer  la  poal- 
tlve.  It  la  printed 
on  the  tape  with  4 
mlnua  algna. 


File  -22 


0542  SPACE 
0543  PRNT'j: 
0545  R 
0546  A 
054?  N 
0548  G 
0549  E 
0550 
0551  0 
0552  F 
0553 
0554  T 
0555  H 
0556  E 
0557 
0558  L 
0559  0 
0560  T 
0561  ENDo^ 
0562  RCL 
0564  RCL 
0566  - 
0567  PRINT 
0568  PRNTo! 
0570  = 

0571 
0572  = 

0573 
0574  = 

0575 
0576  = 

0577 
0578  = 

0579 
0580  = 

0581 
0582  = 

0583 
0584  = 

0585 

0586  ENDc( 
0587  SPACE 


R014 
R01  8 


Steps  0542  through  0587 
print  the  message  below. 


RANGE  OF  THE  LOT 
0.000301 


Register  14  (highest  reading) 
is  recalled. 

Register  18  (lowest  reading) 

Is  recalled  and  subtracted 
from  register  14. 

The  difference  Is  the  range  of 
the  lot. 
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0'588 
0590 
0591 
0592 
0593 
0594 
0595 
0596 
0597 
0598 
0599 
0600 
060 1 
0602 
0603 
0605 
0606 
0608 
0609 
0610 
0611 
0612 
0613 
0614 
0615 
0616 
0617 
0618 
0619 
0621 
0622 
0624 
0625 
0626 
0628 
0629 
0630 
0631 
0633 
0634 
0635 
0636 
0637 
0638 
0639 
0640 
0641 
0642 
0643 
0644 
0645 
0646 


PRNTo! 

fl 

R 

I 

T 

H 


M 

E 

fl 

N 

EH  Do: 

RCL  R019 

PRINT 

PRNTo: 

T 

D 


D 

E 

V 


ENLo: 

RCL  RO20 

PRINT 

RCL  R026 

SORT 

STO  fl 

RCL  R020 

RCL  fl 

STO  fl 

PRNT-o: 

c 

T 

D 


E 

R 

R 

0 

R 

ENDo< 

RCL  fl 
PRINT 


0647  PRNTo: 
0649  = 

0650 
0651  = 

0652 
0653  = 

0654 
0655  = 

0656 
0657  = 

0658 
0659  = 

0660 
0661  = 

0662 
0663  = 

0664 

0665  END« 


Steps  0588  through  0665 
print  the  message  below* 


flRITH.  MEflN= 
0.313239 
STD.  DEV.= 
0.000094 
STD.  ERR0R= 
0,000021 


Register  19  Onean)  Is  re¬ 
called  and  printed. 

Register  20  CStd.  deviation) 
la  recalled  and  printed. 

Register  26  Oio.  of  data 
entries)  Is  recalled  and  ItR 
square  root  is  taken. 

This  nunber  Is  stored  In 
register  A. 

Register  20  is  recalled. 
T^td,  deviation) 


Register  A  Is  re¬ 
called  and  divided 
Into  register  20. 

The  result  Is  stored 
In  register  A. 

Register  A  (std. 
error)  Is  recalled 
and  printed. 
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Steps  0666  through  0762 
print  the  neseege  below. 


0666 

SPACE 

0667 

PRNTo! 

0669 

M 

0670 

A 

0671 

X 

0672 

e 

0673 

0674 

0 

0675 

V 

0676 

A 

0677 

L 

0678 

• 

0679 

0680 

0 

0681 

- 

0682 

9 

0683 

0 

0684 

= 

0685 

ENDot 

0686 

RCL 

R021 

0688 

PRINT 

0689 

FIX 

0 

0691 

RCL 

R022 

0693 

PRNTti 

0695 

0696 

0697 

A 

0698 

T 

0699 

0700 

L 

0701 

E 

0702 

V 

0703 

E 

0704 

L 

0705 

0706 

PRINT 

0707 

ENDo! 

0708 

PRNTc< 

0710 

0711 

0712 

0713 

0714 

0715 

0716 

* 

0717 

* 

0718 

* 

0719 

ENDci 

0720 

PRNTct 

0722 

M 

0723 

A 

0724 

X 

0725 

e 

0726 

0 

0727 

V 

0728 

A 

0729 

L 

0730 

0731 

4 

0732 

5 

0733 

- 

0734 

1 

0735 

3 

0736 

5 

0737 

s 

0738 

ENDct 

0739 

FIX 

6 

0741 

RCL 

R027 

0743 

PRINT 

0744 

FIX 

0 

0746 

RCL 

R028 

0748 

PRNTcf 

0750 

0751 

0752 

A 

0753 

T 

0754 

0755 

L 

0756 

E 

0757 

V 

0758 

E 

0759 

L 

0760 

0761 

PRINT 

0762 

ENDc< 

MAX.  OVAL.  0-90= 
0.000126 
AT  LEVEL  3 

MAX. OVAL  45-135= 
0,000121 
AT  LEVEL  4 

******** 


Begleter  21  (pmx, 
ovellty  0-90  deg.O 
1*  recelled  end  printed. 

Register  22  (level) 
le  recelled  end  printed. 

Register  27  (nax. 
ovellty)  (45-135  de¬ 
grees)  Is  recelled  end 
printed. 

Rogleter  28  (level) 
le  recelled  end  printed. 

Lebel  D  Is  progressisii^d 
In  next. 
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I 

? 


0763 

LBL 

Ti 

0765 

V 

RCL 

R004 

0767 

1 

0768 

- 

0769 

STO 

Re04 

0771 

CLRfl-^J 

0772 

PRHT-:< 

0774 

* 

0775 

0776 

* 

0777 

0778 

* 

0779 

0780 

* 

0781 

0782 

0783 

0784 

* 

0785 

0786 

* 

0787 

0788 

* 

0789 

0790 

EHDoi 

0791 

SPACE 

0792 

SPACE 

0793 

RCL 

R004 

0795 

5 

0796 

0 

0797 

+  #- 

0798 

IF  X  =  Y 

0799 

GOTO 

L99 

0801 

RCL 

R004 

0803 

IDENT 

0804 

R0LL4 

0805 

R0LL4 

0806 

R0LL4 

0807  5 
0808  IF  X=Y 
0809  GOTO  L99 

0811  GOTO  B 


-Label  D- 

Register  41  is  recalled. 

1  la  subtracted  from  It  and  It  la  restored  In 
register  4. 

Registers  A  through  J  are  cleared. 

8  asterisks  are  printed  across  the  tape 
to  signify  the  end  of  the  summary  by  hole 
for  the  let. 

Register  4  is  recalled  and  compared  to  -50. 

If  the  numbers  equal »  label  99  la  addressed. 

If  the  numbers  don't  equal,  register  4  Is 
recalled,  and  the  file  with  that  number  Is 
Identified. 

Its  file  type  is  compared  to  the  number  5. 

If  the  numbers  equal,  label  94  Is  addressed. 

If  the  numbers  don't  equal,  label  B  Is 
addressed. 
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0813  LBL 
- 99 

0815  RCL  R004 
0817  +^- 
0818  2 
0819  1 
0820  - 
0821  PRNT« 

0823  PRINT 
0824 
0825  H 
0826  0 
0827  L 
0828  E 
0829 
0830  L 
0831  0 
0832  T 
0833 
0834 
0835 

0836  ENIi^ 

0837  PRNTc: 

0839  = 

0840  = 

0841  = 

0842  = 

084  3  = 

0844  = 

0845  = 

08‘6  = 

0847  = 

0848  = 

084  9  = 

0850  = 

0851  = 

0852  = 

0853  = 

0854  = 

0855  ENDo! 

085  6  PRNTo: 

0858 
0859 
0860 
0861 
0862 
0863 
0864  * 

0865  * 

0866  « 

0867  ENDfl( 

0868  END 


-Label  99- 

Regtster  4  is  recalled. 

Its  sign  la  Inverted. 

21  la  subtracted  froai  that  number. 

The  measage  "Hole  Lot"  la  printed  with  the 
above  difference. 

16  equal  algns  are  printed  on  the  tape. 

On  the  next  line  3  as  ter  lake  are  printed. 
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Steps  0000  through  0023 
print  the  message  below. 


FILE  -23 
TYPE  0 

USED  907 

M  P  X  1  0  0  0 


0  0  0  0 
0  0  0  1 
0  0  0  2 
0004 
0005 
0006 
0  0  0  7 
0  0  0  8 
0  0  0  9 
0  0  i  0 
0011 
0012 
0013 
0014 
0015 
0016 
001? 
0018 
0019 
0020 
0021 
0022 
0023 


NOP 

NOP 

PRNTo; 

I 

N 

c 

E 

R 

T 

n 

R 

T 

fl 

T 

fl 

P 

E 

END'j: 

STOP 

SPACE 

SPACE 


INSERT  DATA  TAPE 


When  the  program  stops,  data  tape  la 
Inserted  Into  the  computer. 
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0024  PRNTtf 
0026  . 

0027 
0028  . 

0029 
0030  . 

0031 
0032  . 

0033 
0034  . 

0035 
0036  . 

0037 
0038  . 

0039 
0040  . 

0041  . 

0042  LINE 
0043  . 

0044 
0045 
0046  E 
0047  X 
0048  E 
0049  C 
0050  U 
0051  T 
0052  I 
0053  V 
0054  E 
0055 
0056 
0057 
0058  . 
0059  LINE 
0060  . 
0061 
0062 
0063 
0064  S 
0065  U 
0066  t1 
0067  M 
0068  R 
0069  R 
0070  Y 
0071 
0072 
0073 
0074 


0075  . 

0076  . 

0077  - 
0078  B 
0079  Y 
0080 
0081  D 
0082  R 
0083  T 
0084  R 
0085 
0086  L 
0087  0 
0088  T 
0089  - 
0090 
0091  . 

0092  LINE 
0093  . 

0094 
0095  . 

0096 
0097  . 

0098 
0099  . 

0100 
0101  . 

0102 
0103  . 

0104 
0105  . 

0106 
0107  . 

0108  . 

0109  ENDo! 
0110  SPRCE 
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Steps  0024  through  0110 
print  the  message  below. 


.  EXECUTIVE 
SUMMRRY 

.-BY  DRTR  LOT- 


File  -23 


0111 

LBL 

— 

fl 

0113 

5 

0114 

6 

0115 

«REGS 

0116 

CLRfl-^J 

0117 

0118 

FIX 

0120 

5 

0121 

e 

0122 

«REG3 

0123 

5 

0124 

0 

0125 

#REGS 

0126 

0 

0127 

0 

0128 

EHTERt 

0129 

A. 

0130 

1 

0131 

0132 

LOAD 

0133 

RCL 

0135 

PRNTc< 

0137 

D 

0138 

A 

0139 

T 

0140 

A 

0141 

0142 

S 

0143 

0 

0144 

U 

0145 

R 

0146 

C 

0147 

E 

0148 

0149 

PRINT 

0150 

ENDoi 

0151 

RCL 

0153 

PRNTc< 

0155 

D 

0156 

A 

0157 

T 

0158 

A 

0159 

0160 

L 

0161 

0 

0162 

T 

0163 

0164 

PRINT 

0165 

ENDoi 

0166 

SPACE 

0167 

CLEAR 

-Label  A- 

50  regteters  are  opened  for  data  storage. 

Registers  A  through  J  are  cleared. 

Register  X  in  the  stack  Is  cleared. 

File  -21  (data  tape)  Is  loadsd  Into  the 
coo^uter. 


Register  17  (data  source)  Is  recalled  and 
printed. 


Register  15  (data  lot)  Is  recalled  and 
printed. 


0168  PRNTof 
0170  * 

0171 
0172  * 

0173 
0174  * 

0175 
0176  ♦ 

0177 
0178  * 

0179 
0180  * 

0181 
0182  * 

0183 
0184  * 

0185 

0186  ENDot  Label  C  Is  addressed. 

0187  GOTO  C 
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0189  LBL 

- B 

0191  CLX 
0192  5 
0193  0 
0194  #REGS 
0195  FIX 
0197  5 
0198  0 
0199  #REGS 
0200  0 
0201  0 
0202  EHTERt 
0203  RCL 
0205  LOAD 


0206  LBL. 

0208  RCL 
@210  RCL 
0212  + 

0213  S  T  0 
0215  RCL 
0217  RCL 
0219  IF  X<Y 
0220  GOTO 
0222  STO 
0224  RCL 
0226  STO 


-Label  B- 

Regieter  X  in  the  stack  Is  cleared. 

Register  04  Is  recalled  and  the  file  with 
that  number  is  loaded  Into  the  computer. 

0 


R  0  0  4 


R013 

R033 

R033 

R034 

ROM 

n 

R034 

R025 

R031 


-Label  C- 

Register  13  (no.  of  entries)  Is  recalled. 

Register  33  Is  recalled  and  is  added  to 
register  13. 

The  total  Is  stored  In  Register  33. 

Register  34  Is  recalled. 

Register  14  Is  recalled  and  Is  compared  to 
register  34. 

If  Register  14  Is  less  than  register  34,  label 
D  Is  addressed. 

If  register  14  Is  eqiial  to  or  greater  thap 
register  34,  It  is  stored  In  register  34. 

Register  25  (hole  number)  Is  recalled. 

It  Is  stored  In  register  31. 
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0228 

LBL 

Ti 

0230 

D 

RCL 

R038 

0232 

IF  0 

0233 

GOTO 

L10 

0235 

RCL 

R018 

0237 

IF 

i' 

0238 

GOTO 

E 

0240 

STO 

R038 

0242 

RCL 

R025 

0244 

STO 

R032 

0246 

GOTO 

E 

-Label  D- 

Reglster  38  Is  recalled. 

If  It  la  empty  (0),  label  10  la  addressed. 

If  It  caontalns  data,  register  18  Is 
recalled  and  they  are  compared. 

If  register  18  is  equal  to  or  greater 
than  register  38,  label  E  Is  addressed. 

If  register  18  Is  less  than  register  38, 
It  is  stored  In  register  38. 

Register  25  (hole  number)  Is  recalled. 

It  Is  stored  In  register  32. 

Label  E  Is  addressed. 


0248  LBL 


-Label  10- 


0250 

10 

RCL 

R018 

Register  18  (lowest  reading)  Is  recalled. 

0252 

STO 

R038 

It  Is  stored  In  register  38. 

0254 

1 

0255 

STO 

R032 

1  Is  stored  In  register  32. 

0257 

LBL 

-Label  E- 

0259 

E 

RCL 

R039 

Register  39  Is  recalled. 

0261 

RCL 

R021 

Register  21  (max.  ovality  0-90  deg.)  Is 

0263 

IF  X<Y 

0264 

GOTO 

F 

recalled  and  they  are  compared. 

0266 

STO 

R039 

If  register  21  Is  less  than  register  39 

0268 

RCL 

R025 

0270 

STO 

R040 

label  F  Is  addressed. 

If  register  21  Is  equal  to  or  greater  than 
register  39,  It  is  stored  In  register  39. 

Register  25  (hole  nuinber)  Is  recalled. 

It  Is  stored  in  register  40. 


153 


File  -23 


■Label  F- 


Raglatar  39  la  recalled. 


0272 

LBL 

F 

0274 

RCL 

R039 

0276 

RCL 

R027 

0278 

IF  X<Y 

0279 

GOTO 

G 

0281 

STO 

R039 

0283 

RCL 

R025 

0285 

STO 

R040 

0287 

LBL 

r 

0289 

U 

RCL 

R023 

0291 

RCL 

R041 

0293 

0294 

STO 

R041 

0296 

RCL 

R024 

0298 

RCL 

R042 

0300 

+ 

0301 

STO 

R042 

0303 

RCL 

R004 

0305 

1 

0306 

- 

0307 

STO 

R004 

0309 

5 

0310 

0 

0311 

0312 

IF  X  =  Y 

0313 

GOTO 

L98 

0315 

RCL 

R004 

0317 

IDENT 

0318 

ROLLi 

0319 

ROLL! 

0320 

R0LL4 

0321 

5 

0322 

IF  X  =  Y 

0323 

GOTO 

L98 

0325 

GOTO 

B 

Raglatar  27  (jnax.  ovality  45-135  dag.)  and  la 
compared  to  raglatar  39. 

If  raglatar  27  la  laea  than  regletar  39,  label 
G  la  addraaaad. 

If  raglatar  27  la  equal  to  or  greater  t^n 
raglatar  39,  It  la  atored  In  raglatar  39. 

g^giatar  25  (hole  nuiid>er)  la  recalled. 

It  la  etorad  In  raglatar  40. 


-Label  6- 


Raglatar  23  la  recalled. 

Raglatar  41  la  recalled  fc.d  la  added  to 
raglatar  23. 

The  total  la  atored  In  raglatar  41. 

Raglatar  24  la  recalled. 

Raglatar  42  la  recalled  and  la  added  to 
raglatar  24. 

The  total  la  atored  In  raglatar  42. 


Raglatar  4  la  recalled. 

1  la  aobtractad  from  It  and  It  la  raatorad 
In  raglatar  4. 


Thla  number  la  compared  to  a  -50. 


If  raglatar  4  aquala  -50,  label  98  la  addraaaad. 

If  raglatar  4  doaa  not  equal  -50,  raglatar  4 
1,  recalled  and  the  file  irlth  that  nu^ar  la 
identified.  Ita  file  type  la  compared  to  the 
nuBihar  5.  (Empty  fll«). 


If  they  equal,  label  98  la  addraaaad. 

If  they  don't  equal,  label  B  la  addraaaad. 
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0327 

LBL 

- - 

98 

0329 

FIX 

0331 

RCL 

0333 

PRNTot 

0335 

PRINT 

0336 

0337 

D 

0338 

A 

0339 

T 

0340 

A 

0341 

0342 

E 

0343 

N 

0344 

T 

0345 

R 

0346 

I 

0347 

E 

0348 

S 

0349 

ENOo! 

0350 

PRNTof 

0352 

S 

0353 

0354 

S 

0355 

0356 

s 

0357 

0358 

0359 

0360 

0361 

0362 

• 

0363 

0364 

0365 

0366 

0367 

0368 

ENDo( 

0369 

SPACE 

0 

R033 


-Label  98- 

Raglstar  33  la  recalled. 

The  nessage  ”  data  entries"  is  print¬ 

ed  with  the  number  in  register  33. 


******** 
580  DATA  ENTRIES 
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0370  PRNTo; 

0372  H 
0373  0 
0374  L 
0375  E 
0376 
0377  S 
0378  I 
0379  Z 
0380  E 
0381  * 

0382  EHDoi 

0383  FIX  6 

0385  RCL  R012 

0387  PRHT'M 

0389 

0390 

0391  U 

0392  P 

0393  P 

0394  E 

0395  R 

0396 

0397  L 

0398  I 

0399  M 

0400  I 

0401  T 

0402  = 

0403  END-3( 

0404  PRINT 
0405  PRHTo( 

0407 
0408 
0409  L 
0410  0 
0411  N 
0412  E 
0413  R 
0414 
0415  L 
0416  I 
0417  M 
0418  I 
0419  T 
0420  = 

0421  END'=< 

0422  RCL  R011 
0424  PRINT 


Steps  0375  through  0429  print  the  message 
belotr. 


HOLE  SIZE* 
UPPER  LIMIT= 
0.315000 
LOWER  LIMIT= 
0.312000 


Register  12  (upper  Halt  tolerance)  Is  recalled 
and  printed. 


Register  11  Clower  limit  tolerance)  is  re 
called  and  printed. 
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Steps  0425  through  0498 
print  the  message  below. 


0425  PRNTo; 

0427  = 

0428 
0429  = 

0430 
0431  = 

0432 
0433  = 

0434 
0435  = 

0436 
0437  = 

0438 
0439  = 

0440 
0441  = 

0442 

0^143  ENIif: 

0444  b  PACE 
0445  PPHTf! 

0447  H 
0448  I 
0449  G 
0450  H 
0451  E 
0452  S 
0453  T 
0454 
0455  R 
0456  E 
0457  A 
0458  D 
0459  I 
0460  N 
0461  G 
0462  = 

0463  ENDc( 

0464  FIX  6 

0466  RCL  R034 

0468  PRINT 


HIGHEST  REflDING= 
0.314753 
AT  HOLE  8 


Register  34  (highest  reading)  Is  recalled 
and  printed. 


0469 

F  I X 

0471 

RCL 

0473 

0475 

0476 

PRNTc; 

0477 

A 

0478 

0479 

T 

0480 

H 

0481 

0 

0482 

L 

0483 

0484 

E 

0485 

PRINT 

0486 

ENln; 

0487 

0489 

0490 

0491 

0492 

0493 

0494 

PRNTo: 

0495 

* 

0496 

* 

0497 

* 

0498 

ENDoi 

Register  31  (hole 
number)  Is  recalled 
and  printed. 
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0499 

PRNTt^ 

Steps  049L9  through  0551 
print  the  message  below. 

0501 

L 

0502 

0 

0503 

k 

0504 

E 

0505 

o 

0  506  T 
0507 

fl  (S  O  D 


n.1  j  u  Q 

0  5  0  9 

E 

L  I'l  k  E  S  T  R  E  R  D  I  N  U 

0510 

R 

0. 312948 

0511 

n 

fiT  HOLE 

0512 

I 

■i'- 

0513 

N 

0514 

G 

0515 

= 

0516 

EHrn< 

051? 

F  I  X  6 

0519 

RCL  R03S 

Register  38 

(lowest  reading)  is  recalled 

@521 

PRINT 

and  printed. 

0522 

F  I  0 

0524 

RCL  R032 

Register  32 

(hole  number)  is  recalled  and 

0526 

PRHTo; 

printed. 

0528 


0530 

H 

0531 

T 

0532 

0533 

H 

0534 

Cl 

0535 

L 

0536 

E 

0537 

0538 

PRINT 

0539 

ENDoi 

0540 

PRUTc: 

0542 

0543 

0544 

0545 

0546 

0547 

0548 

0549 

0550 

¥.■ 

0551 

ENDo: 
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/ 

l 

j 


I 


I 

s 


0552 

F  I  X 

0554 

PRHTo: 

0556 

M 

0557 

fi 

0558 

0554 

0560 

056  1 

j*l 

0562 

056  3 

E 

0  5  6  4 

R 

0565 

-*i 

0566 

I 

0567 

*7 

0568 

E 

0569 

= 

0570 

EHIio; 

05  71 

RCL 

0573 

RCL 

0575 

- 

0576 

IF  - 

0577 

0 

0578 

0580 

0581 

0582 

0583 

PRHTO 

0584 

+ 

0585 

+ 

0586 

+ 

058  i' 

+ 

0588 

PRINT 

0589 

EH  no 

0590 

0592 

0593 

0594 

0595 

0596 

0597 

PRHTo 

0598 

* 

0599 

•1- 

0  6  0  0 

0601 

EMTIO 

0602  PRHTo: 

0604  M 
0605  R 

0606  y. 

0607  . 

0608 
0609  U  , 

0610  H 
0611  D 
0612  E 
0613  R 
0614  S 
0615  I 
0616  2 
0617  E 
0618  = 

0619  EMD':-: 

0620  RCL  R011 

0622  R  L'  L  R  0  8 

0624  - 

0625  IF  - 

0626  0 

0627  PRHTo' 

0629 
0630 
0631 
0632 
0633  - 
0634  - 
0635  - 
0  6  3  6  " 

0637  PRINT 
0638  EH  lie: 

0639  PRHTe 
0641  = 

0642 

0643  = 

0644 
0645  = 

0646 

0647  = 

0648 
0649  = 

0650 
0651  = 

0652 
0653  = 

0654 
0655  = 

0656 

0657  ENDe 
0658  SPRCE 


File  -23 


Steps  0552  through  0658 
print  the  message  below. 


riRX.  0VERSIZE  = 

+  +  +  +  0 . 0  0  0  0  0  0 

*  *  * 

MRK.  UNDER:5IZE  = 
- 0 . 000  0  0  0 


Register  34  is  recalled. 

Register  12  (upper 
limit  tolerance)  Is 
recalled  and  subtract¬ 
ed  from  register  34. 

If  the  answer  is  nega¬ 
tive,  zeros  are  printed 
with  4  plus  signs  on 
the  tape. 

If  the  answer  is  posi¬ 
tive,  it  is  printed 
with  4  plus  signs  on 
the  tape. 

Register  11  (lower 
limit  tolerance)  is 
recalled. 

Register  38  Is  re¬ 
called  and  subtract¬ 
ed  from  register  11. 

If  the  answer  is  nega¬ 
tive,  zeros  are  printed 
with  4. 

If  the  answer  is  posi¬ 
tive,  It  Is  printed 
with  4  minus  signs  on 
the  tape. 


File  -23 


Steps  0659  through  0705 
print  the  message  below. 


0659 

PRHT':< 

0661 

R 

0662 

A 

0663 

N 

0664 

G 

0665 

E 

0666 

0667 

0 

0668 

F 

0669 

0670 

T 

0671 

H 

0672 

E 

0673 

0674 

L 

0675 

0 

0676 

T 

0677 

END«< 

0678 

FIX 

6 

0680 

RCL 

R034 

0682 

RCL 

R038 

0684 

- 

0685 

PRINT 

0686 

PRNTi< 

0688 

S 

0609 
0690  = 

0691 
0692  = 

0693 
0694  = 

0695 
0696  = 

0697 
0698  = 

0699 
0700  = 

0701 
0702  = 

0703 

0704  END-:^ 
0705  SPACE 


RANGE  OF  THE  LOT 
0. 001805 


Register  34  Is  recalled. 

Register  38  Is  recalled  and  subtracted  from 
register  34. 

The  difference  is  the  range  of  the  lot. 
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0706 

CLRfi+J 

0707 

RCL 

R041 

0709 

STO 

C 

0710 

RCL 

R042 

0712 

STO 

D 

0713 

RCL 

R033 

0715 

STO 

E 

0716 

MN&SD 

0717 

PRNTof 

0719 

fl 

0720 

R 

0721 

I 

0722 

T 

0723 

H 

0724 

a 

0725 

0726 

M 

0727 

E 

0728 

fl 

0729 

N 

0730 

= 

0731 

ENDo( 

0732 

PRINT 

0733 

PRHTtf 

0735 

S 

0736 

T 

0737 

D 

0738 

a 

0739 

0740 

D 

0741 

E 

0742 

V 

0743 

• 

0744 

= 

0745 

ENDoi 

0746 

0747 

PRINT 

0748 

STO 

R044 

0750 

RCL 

R033 

0752 

SORT 

0753 

s  ro 

R043 

0755 

RCL 

R044 

0757 

RCL 

R043 

0759 

•f 

0760 

PRNTo: 

0762 

S 

0763 

T 

0764 

D 

0765 

s 

0766 

0767 

E 

0768 

R 

0769 

R 

0770 

0 

0771 

R 

0772 

= 

0773 

END«( 

Register  A  through  J  are  cleared. 

Register  41  Is  recalled  and  stored  In  register 

C. 

Register  42  Is  recalled  and  stored  In  register 

D. 

Register  33  Is  recalled  and  stored  In  register 

E. 

Steps  0706  through  0774  print  the  message 
helov. 


flRITH.  MEftN= 

0.313416 

STD.  DEV.= 

0. 000263. 

STD.  ERR0R= 

0.000011 

Wien  ’W&SD”  Is  programmed  In,  the  mean  Is 
located  In  the  X  register. 

The  standard  deviation  Is  located  In  the  Y 
register  as  a  result  of  the  "MN&SD”  function. 
The  X  and  Y  registers  are  Inverted  and  the 
standard  deviation  Is  printed. 

This  nianher  Is  stored  In  register  44, 

Register  33  Is  recalled  and  Its  square  root 
is  taken. 

This  nuiid)er  Is  stored  In  register  43. 
Register  44  Is  recalled. 

Register  43  Is  recalled  and  Is  divided  Into 
register  44. 

The  result  Is  printed  as  the  standard  error. 
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0775 

PRNTo: 

0777 

0778 

0778 

= 

0780 

0781 

= 

0782 

0783 

= 

0784 

0785 

0786 

0787 

= 

0788 

@788 

= 

0780 

0781 

= 

0782 

0783 

ENric< 

0784 

spacE 

0785 

PRNT*:*: 

0787 

M 

0  7  8  W 

a 

0788 

1,  .1 

0800 

■ 

0801 

0802 

0 

0803 

V 

0804 

fl 

0805 

L 

0806 

1 

0807 

T 

0808 

Y 

0808 

= 

0810 

ENDf: 

0811 

RCL 

R  0  3  8 

0813 

PRINT 

0814 

FIX 

0 

0816 

RCL 

R040 

0818 

PRNT.:< 

0820 

0821 

0822 

fl 

0823 

T 

0824 

0825 

H 

0826 

0 

0827 

L 

0828 

E 

0828 

0830 

PRINT 

0831 

ENri':< 

Steps  Q775  through  0850 
print  the  message  below. 


0VRLITY  = 
0.00  0  b  0  3 

ht  hole 


Register  39  (max.  ovality)  Is  recalled  and 
printed. 

Register  40  (hole  numberO  Is  recalled  and 
printed. 


0832 

PRNTo; 

0834 

= 

0835 

= 

0836 

= 

0837 

= 

0838 

0838 

= 

0840 

= 

0841 

= 

0842 

= 

0843 

- 

0844 

= 

0845 

= 

0846 

= 

0847 

= 

0848 

= 

0848 

= 

0850 

ENIici 
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0351  SPRCE 
0852  RCL  R604 
0854  +?" 

0855  2 
0856  1 
0857  - 
0858  PRHTo: 

0860  PRINT 
0861 
0862  H 
0863  0 
0864  L 
0  865  E 
0866 
0867  L 
0868  0 
0869  T 
0870 
0871 
0872 

0  873  E  N  D  '5' 

0874  SPRCE 
0875  PRNT';': 

0877  = 

087  8  = 

0879  = 

0880  = 

0881  = 

0882  = 

088  3  = 

0884  = 

0885  = 

0886  = 

0887  = 

0888  = 

0889  = 

0890  = 

0891  = 

0892  = 

0893  EHD'i 
0894  P  R  N  T  o; 

0896 
0897 
0898 
0899 
0900 
0901 
0902  * 

0903  * 

0904  * 

0905  END'j: 

0906  END 


Steps  0851  through  0906 
print  the  message  Below. 


29  HOLE  LOT 


Register  A  is  recalled, 

-21  is  subtracted  from  register  4. 

The  difference  is  the  number  of  holes  in 
the  lot. 
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APPENDIX  D 

DATA  ANALYSIS  SUMMARIES  BY  RANK 

DRILL  METHOD  SE 
RANKING  NUMBER  1  * 

HOLE  SIZE:  0.246"/ 0.2-50" 


I.  OVERVIEW: 

A.  This  set  of  survey  holes  features  Spacematlc  drilling, 
cold-work  spllt-sleeve/mandrel  expansion  and  final  hand 
reaming  of  holes  in  a  Center  Wing  Lower  Surface,  along 
the  Rear  Spar.  The  structure  is  an  all  aluminum  stack 
consisting  of  the  lower  surface  wing  skin  panel  and  the 
Rear  Spar  cap.  The  approximate  thickness  in  the  area 
surveyed  was  0.70"  at  W.S.  0.00. 

The  subject  hole  is  sized  by  Engineering  at  0.235’70.238" 
as  the  starting  hole  for  cold-working  per  specification 
and  the  final  ream  size  at  0. 246"/0. 250"  per  Specification. 

The  assembly  of  the  center  wing  structure  was  controlled 
by  a  very  good  individually  serialized  manufacturing 
Log  Plan.  Instructions  were  clear  and  concise  for  work 
tasks  and  Inspection;  Including,  mandatory  AFQA  inspec¬ 
tion  points. 


Assist  tooling  such  as  hand-held  stand-off  reamer  guide 
bushing  to  stabilize  hand-held  air  motors,  reamer  and 
the  technician  during  the  duty  cycle  of  reaming  was  used. 
In  addition,  a  siphon  fed  air-mist  coolant  system  is  em¬ 
ployed  during  drilling/reaming  to  obvious  end  product 
quality  advantage. 

II.  SUMMARY: 

A.  Reference  ^'Executive  Histogram  by  Data  Lot  .  The  data 
population  for  this  set  is  densely  situated  about  the 
0.2471"/0. 2473"  zone  of  the  overall  0. 246"/0. 250"  toler¬ 
ance  band. 

*  DRILL  METHOD  CODING:  SE-1  =  Spacematlc  with  Expansion 
Spacematlc  drilling,  cold-work  split  sleeve/mandrel 
expansion,  final  hand  reaming. 
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The  data  elements  exhibit  a  Bimodal  Gausian  Distribu¬ 
tion  that  is  significant  in  concluding  a  manufacturing 
sequence  where  the  tools,  process  and  personnel  are 
functioning  harmoniously  and  yield  a  quality  end 
product . 

Twenty-nine  (29)  holes  were  available  in  this  structure 
for  survey  Inspection.  All  of  the  holes  of  this  set 
meet  the  established  Engineering  criterion.  Reference 
"Executive  Summary  by  Data  Lot".  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is 
0.247170"  for  the  series  of  twenty-nine  (29)  holes. 

This  value  is  excellent  since  it  resides  at  the  low 
limit  vicinity  of  the  tolerance  range.  The  affect  of 
adequate  and  proper  use  of  tooling  and  craftsmanship 
are  apparent  in  this  set  of  holes. 

Specific  discussion  on  the  geometric  characteristics  of 
the  holes  are  discussed  in  paragraph  111  along  with 
rationale  disclosures  on  overall  quality. 

B.  The  Computer  Statistical  Printout  for  this  series  of 

holes  provide  composite  clues  traceable  to  the  following. 


1.  Spacematic  preliminary  holes  are  being  satisfactorily 
produced  to  specification  tolerance  as  starting  holes 
for  subsequent  cold— working. 

2.  Hand-held  air  powered  drill  motor  driving  a  piloted 
tip  reamer  produces  very  good  final  holes  per 
0.246"/0.250"  tolerance  criterion. 

NOTE:  Reamer  is  a  six  fluted  long  shank  piloted 

tip  reamer  sized  at  0.2375"  (tip)  and 
0.2470"  (shank). 

3.  The  affect  of  a  hand-held  stand-off,  reamer  guide 
bushing  tool  to  assist  in  stabilizing  the  reamer 
and  powerhead  is  apparent  in  the  shape  and  quality 
of  the  final  holes. 

4.  Periodic  inspections  prior  to  the  final  hole 
inspection  as  directed  by  the  Log  Planning  is  a 
significant  factor  in  determining  specification 
compliance  and  final  hole  quality. 
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Ill,  CHAKACTKRISTTC^: 


A.  Hole  Size:  1044  data  measurements  were  accrued  from  the 
twenty-nine  (29)  holes  comprising  this  set. 
Reference  "Executive  Summary  by  Data  Lot" 
discloses  an  arithmetical  average  of  0.247170" 
which  is  excellent  for  the  set  and  is 
reflected  in  the  quality  of  the  holes. 

Extremely  slight  reamer  center-seeking  and 
irregular  chip  load  spurs  in  several  of  the 
lioles  are  the  only  geometric  features  depart¬ 
ing  from  otherwise  excellent  cylindrical 
holes. 


All  I'f  Che  specimens  conform  to  the  tolerance 
criterion  establ  islied  by  Engineering. 

This  set  is  an  extraordinary  good  series  of 
holes.  Twenty-five  (25)  holes,  identified 
Holes  #2  thru  15,  17  thru  21,  23  thru  25 
and  27  thru  #29  are  nearly  perfect  specimens 
with  less  than  0.0003"  variation  exiting  in 
the  tliirty-six  (36)  measurements  recorded  for 
eacli  individual  hole. 

Reference  Individual  Computer  Printouts. 

The  range  of  measurements  for  the  above 
holes  were  recorded  as  fellows: 


Center  Wing  S/N  215 


Hole  # 

Range 

Hole  # 

Range 

2 

0.000216" 

7 

0.000112' 

3 

0.000181" 

8 

0.000233' 

4 

0.00181" 

9 

0.000172' 

5 

0.000302" 

10 

0.000207 

6 

0.000250" 

11 

0.000310 
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Hole  # 

Range 

Hole  # 

Range 

12 

0.000259" 

20 

0.000155' 

13 

0.000233" 

21 

0.000164' 

14 

0.000302" 

23 

0.000095' 

15 

0.000310" 

24 

0.000207' 

17 

0.000198" 

25 

0.000200' 

18 

0.000302" 

27 

0.000293' 

19 

0.000284" 

28 

0.000198' 

29 

0.000233' 

In  the  above  series  of  holes,  Holes  //5,  8 
and  #29  exhibit  extremely  slight  and  shallow 
bellmouth  at  the  start  plane  ot  reaming. 

This  feature  is  attributed  to  reamer  center¬ 
seeking  at  the  start  of  its  duty  cycle. 

The  remainder  of  the  above  listed  holes 
feature  exceedingly  slight  "spurs"  at 
various  measurement  plane  levels  and  axes 
within  the  holes.  The  "spurs"  are  a  result 
of  chip  load  irregularity. 

Both  of  the  aforenoted  features  are  so  very 
minute,  neither  is  assessed  a  detriment  to 
hole  quality  and  is  not  perceptible  via 
visual  inspection  of  the  specimens  at  3X 
magnification. 

1.  The  four  (4)  holes  remaining  in  this 
set  exhibit  the  following  range  and 
causes  for  very  minute  departures  from 
true  cyllndricity . 

Reference  Individual  Hole  Computer  Printouts. 
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Hole  //I;  measurement  range  0.000328". 

Irregular  breakout  spur  by  the 
reamer  at  its  exit  plane  of  the 
hole  and  only  at  its  90  axis. 

Hole  #16;  measurement  range  0.000526  . 

Irregular  breakout  spur  by  the 
reamer  at  its  exit  plane  of  the 
hole  and  only  at  its  90  axis. 

Hole  #22;  measurement  range  0.000655  .  _ 
Slight  operator  induced  side 
load  during  the  reaming  duty 
cycle,  predominantly  along  the 
adjacent  0°  and  135  axes  of 
measurement.  The  breakout  spur 
at  the  0°  axis,  last  plane  of 
measurements  is  the  largest 
measurement  in  this  hole  and 
recorded  at  0.247759",  well 
within  the  overall  0. 245" . 0. 250" 
Engineering  tolerance. 

Hole  #26;  measurement  range  0.000379". 

Extremely  minute  irregular  chip 
load  spurs  inside  the  hole. 

None  of  the  aforenoted  characteristics  are 
significant  enough  to  be  classified  a  detrl 
ment  to  overall  quality  of  the  holes.  This 
set  is  an  exceptionally  good  series  of 
holes. 


B.  Ovality: 


Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #22  and  discloses  a 
value  of  0.000422"  on  the  0-90  axes 
at  plane  #9.  Ovality  is  slight  and  does 
not  exceed  the  Engineering  tolerance 
criterion  and  is  the  product  of  the  side 
load  and  irregular  reamer  breakout  in 
this  hole. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  the  Individual 
Hole  Computer  Printouts.  All  holes  are 
gjftremely  good  on  ovality  measurements. 
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(predominantly  less  than  0.0002").  None 
of  the  holes  of  this  set  exceeded  the 
Engineering  criterion. 

C.  Perpendicularity;  Hole  size,  below  0.250"  diameter, 

would  not  permit  inspection  via  the  Angle/ 
Azimuth  Gaging  Device;  therefore  verifica¬ 
tion  of  perpendicularity  was  accomplished 
via  subsequent  inspection  of  the  head  to 
countersink  nesting  of  fasteners  in  the 
structure.  The  holes  were  normal  to  the 
longitudinal  axis  of  the  holes  and 
acceptable  to  established  Engineering 
criterion  of  2  . 

D.  Straightness;  Straightness  is  within  Engineering  design 

tolerance  as  indicated  by  profile' analyses. 

E.  Barrelling;  Non-existent  as  evidenced  by  profile 

analyses. 

F.  Bellmouthing;  Several  holes  of  this  set  exhibit  a  vqry 

slight  bellmouth  feature  at  the  start 
vicinity  of  reaming.  Refer  to  narrative 
at  paragraph  III.A.l  and  III. A. 2  for 
details. 

G.  Hole  Texture;  Rifling,  Scratches,  Chatter  Marks.  This 

series  of  specimens  exhibited  a  very  good 
interior  wall  texture.  Several  holes 
revealed  a  very  shallow  angle  rifling,  not 
in  excess  of  the  125AA  machine  finish 
criterion.  The  holes  were  inspected  via 
Sight  Pipe  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical  scoring 
in  this  set  of  holes. 

H.  Burrs;  Deburrlng  was  satisfactorily  accomplished 

per  the  normal  process  plan  work  instruc¬ 
tions  . 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface 

finish  of  100  AA  or  better.  Optical 
Surface  comparator  was  used  in  inspection 
and  the  sidewalls  were  smooth  and  shiny. 
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RANKING  NUMBER  2  DELETED 
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DRILL  METHOD  Q-3 
RANKING  NUMBER  3  * 

HOLE  SIZE:  0. 6270"/0. 6280" 


OVERVIEW: 

A.  This  set  of  production  holes  features  drill,  reaming 
and  cold  work  roller  burnishing  of  the  Structural  Fin. 
The  structure  Is  a  very  heavy  machined  fin  skin  whose 
thickness  is  tapered  on  both  tlic  Inner  and  outer  fay¬ 
ing  surfaces  to  match  interfacing  structure.  CHving  to 
the  tapers  with  regard  to  the  "thru-hole"  air  probe, 
an  engagement  length  in  the  holes  of  approximately 
0.70"  was  measured  to  avoid  bleed  out  at  the  tapered 
faces.  The  subject  hole  is  sized  by  Engineering  at 
0.6270"/0.6280". 

SUMMARY: 

A.  This  set  of  holes,  roller  burnished  to  achieve  final 
Engineering  si.ze.  Is  the  most  perfect  geometrically 
configured  and  finish  textured  series  of  holes  from 
all  lots  surveyed  at  this  facility . 

Twenty-nine  (29)  holes  were  available  from  a  series  of 
Fin  Assemblies  to  accrue  the  aforenoted  sampling  set 
size.  Tlie  method  of  production  featured  Quackenbush 
preliminary  hole  drilling  and  reaming.  These  opera¬ 
tions  w»?re  followed  by  cold  worked  roller-burnishing 
to  achieve  the  final  hole  size  per  Engineering 
criterion. 

B.  Reference  Executive  nummary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
aver  ige  Is  0.627484"  for  the  set  oi  twenty-nine  (29) 
holes.  This  value  is  an  excellent  feature  since  it 
resiles  at  the  mid-point  of  the  Engineering  tolerance 
rau’e.  All  of  the  holes  for  this  set  meet  the 
Engineering  Criteria. 

DRILL  METHOD  CODING:  Q-3  =  Quackenbush  -  One  shot 
Quackenbush,  drill  method  and  accessories;  tooling,  pre¬ 
liminary  pilot  hole  drilling,  core  drilling,  "Dreamer" 
combination . 
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Specific  discussion  on  the  geometric  characteristics  of 
the  holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of 

holes  provides  composite  clues  traceable  to  the  follow¬ 
ing  for  the  production  of  excellent  holes: 

1.  Custom  designed  fixturing  ensures  interchangeability 
and  location  reliability.  Fixture  is  extremely 
heavy  to  accommodate  roller  burnishing. 

2.  Quackenbush  drill  method  and  accessory  tooling  pro¬ 
duces  very  good  preliminary  holes  prior  to  cold 
working  in  the  following  sequence: 

a.  Preliminary  pilot  hole  drilling  to  0.500"  dia¬ 
meter. 

b.  Core  drilling  to  35/64"  diameter. 

c.  Dreamer  combination  drill/ream  to  0.6265' /0. 6270  • 

3.  Cold  work  roller  burnishing  to  final  Engineering 
size  at  0.6270"/0.6280" . 

4.  Planning  is  very  good,  providing  adequate  work 
instructions  and  definition  of  inspection  require¬ 
ments. 

III.  CHARACTERISTICS; 

A.  Hole  Size:  1064  data  measurements  were  accrued  for  the 
series  of  twenty-nine  (29)  holes.  The 
arithmetical  average  for  the  set,  0.627484", 
is  an  ideal  characteristic  in  regard  to  the 
Engineering  criterion  of  0.6270"/0.6280" . 

This  is  an  excellent  series  of  holes  on  size, 
geometric  features  and  hole  finish  texture. 

1.  Reference  to  Individual  Computer  Print¬ 
out  discloses  an  excellent  overall 
measurement  range  from  the  highest  to 
lowest  reading  within  the  thirty-six 
(36)  to  forty  (40)  measurements  per 
hole.  The  range  of  measuresments  are 
as  follows; 
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)le  # 

Range 

1 

0.000362" 

2 

0.000414" 

3 

0.000448" 

4 

0.000491" 

5 

0.000414" 

6 

0.000319" 

7 

0.000466" 

8 

0.000405" 

9 

0.000475" 

10 

0.000267' 

11 

0.000440' 

12 

0.000276’ 

13 

0.000388' 

14 

0.000672’ 

15 

0.000388' 

Hole  // 

Range 

16 

0.000319" 

17 

0.000517" 

18 

0.000391" 

19 

0.000267" 

20 

0.000319" 

21 

0.000352" 

22 

0.000293" 

23 

0.000440" 

24 

0.000500" 

25 

0.000422" 

26 

0.000353" 

27 

0.000388" 

28 

0.000595" 

29 

0.000440" 

Focus  onto  the  above  measurement  ranges 
wap  for  the  purpose  of  drawing  itten- 
tlon  to  the  fact  that  this  series  of 
holes  are  nearly  perfect.  Several 
holes  exhibit  an  extremely  slight  bulge 
enlargement  generally  along  one  (1) 
axis  of  measurements  interpreted  as  a 
failure  to  "clean-out"  due  to  minute 
concentricity  differences  between  the 
Dreamer  (0. 6265"/0. 6270")  opevaUon 
and  final  roller  burnishing  (0.6270  / 


X-  rt  nrvM  \ 


2.  Reference  Indivlduaj.  Hole  Cl  nputer 
Printouts  and  item  III.A.l.  above. 

Nine  (9)  holes  exhibit  a  slight  bulge 
identified  via  Computer  Profile 
out  and  Measurement  Data.  The  specific 
holes  and  bulge  orientations  are  identi 
fied  as  follows: 


Hold  //  Axis  Affected 

Magnitude  max.  & 
plane  level 

2 

135° 

.0002" 

at 

level 

6  and  7 

3 

135° 

.0002" 

at 

level 

5 

4 

45° 

.0002" 

at 

level 

5,  6  and  7 

5 

135° 

.0003" 

at 

level 

5,  6  and  7 

7 

0° 

.0002" 

at 

level 

4,5,6  and  7 

9 

135° 

.0002" 

at 

level 

6 

14 

45° 

.0003" 

at 

level 

4  and  5 

23 

0° 

.0003" 

at 

level 

5  and  6 

24 

0° 

.0003" 

at 

level 

5 

Note;  In  all  cases,  the  bulge  configuration 
was  not  evident  as  a  physical  mar  or 
defect  of  abrupt  shape  and/or  geometry. 
Very  subtle  finish  texture  identifiable 
by  variation  of  light  reflection  iden¬ 
tified  the  locations  and  orientation. 
Orientations  were  confirmed  via  hole 
indexing  from  which  measurements  were 
taken  by  "thru-hole"  air  probe.  All 
holes,  including  the  bulge  measurements 
were  well  within  the  Engineering  toler¬ 
ance  criterion.  The  bulges  were  not 
considered  a  detriment  to  hole  quality 
by  this  analysis  effort. 

3.  Reference  to  Individual  Hole  Histograms 
reveal  an  excellent  dispersion  of  data 
elements  populated  about  the  mid-range 
of  the  hole  tolerance  zone.  The  Normal 
Causian  Distribution  representative  of 
this  data  is  suggestive  of  tools,  per¬ 
sonnel  and  processes  functioning  in 
complete  harmony.  This  series  of  holes, 
considering  all  geometric  features  and 
bole  finish  texture  are  excellent. 

Reference  Executive  Summary  Histogram. 

The  data  population  is  excellent  and 
crowds  the  mid-range  of  the  tolerance 
zone.  Again,  as  per  the  Individual  Hole 
Histograms,  a  Normal  Gauslan  Distribution 
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Is  evident  signifying  controlled  hard¬ 
ware  processing  and  notable  craftsman¬ 
ship  on  the  finished  product. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 

occurred  at  Hole  #14  and  discloses  a 
value  of  0.000672"  at  plane  level  #9 
on  the  45°  -135°  axes.  Enlargement  at 
the  exit  plane  of  measurements  most 
probably  is  the  result  of  irregular 
breakout  of  the  Dreamer  that  failed  to 
"clean-up"  on  roller  burnishing.  The 
ovality  magnitude  is  well  within  the 
Engineering  tolerance  criterion  and  is 
not  a  detracting  feature  for  hole 
quality. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual  Hole 
Computer  Printout  disclosed  all  holes 
to  be  extremely  good  on  the  ovality 
measurements.  None  of  the  holes  of 
this  set  exceeded  the  Engineering 
Criterion. 

C.  Perpendicularity:  Heavy  fixturing  assures  correct 

angularity  of  the  holes  with  regard  to 
faying  surfaces  of  interfacing  struc¬ 
ture.  This  series  of  holes  were  checked 
by  gaging  with  a  lOX  magnification 
Azimuth/Angle  Gaging  Device.  The  long¬ 
itudinal  axis  of  the  hole  was  verified 
to  be  5°  closed  with  regard  to  the 
outboard  machined  face  of  the  structure, 
measured  normal  (90°)  to  the  Fin  Water¬ 
line  2.000  reference  and  along  Fin 
Stations  18.996  and  23.997. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by  pro¬ 
file  analyses. 

E.  Barrelling:  None  existent  as  evidenced  by  profile 

analyses. 
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F.  Bellmouthlng: 

G.  Hole  Texture: 

H.  Burrs: 

T .  Surface  Finish 


None  existent  as  evidenced  by  profile 
analyses. 

Rifling,  Scratches,  Chatter  Marks.  This 
set  of  holes  exhibited  a  very  good 
Interior  wall  texture.  There  were  no 
perceptible  rifling  traces  on  the  hole 
sidewalls  when  inspected  by  Sight  Pipes 
at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  in 
these  holes. 

This  structure,  drilled,  reamed  and 
roller  burnished  through  one  (1)  solid 
was  deburred  satisfactorily  in 
the  normal  process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a  sur¬ 
face  finish  significantly  superior  to 
"63  AA"  and  approximating  "32AA'  . 

Surface  was  smooth  and  shiny.  Surface 
finish  differences  helped  confirm  the 
presence  of  the  minute  bulges  described 
per  narrative  at  items  III.A.l.  and 
III. A. 2. 
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DRILL  METHOD  SE 
RANKING  NUMBER  4  * 
HOLE  SIZE:  0.246"/0.250" 


I.  OVERVIEW: 

A.  This  set  of  survey  holes  features  Spacematic  drilling,  cold-work  split- 
sleeve/mandrel  expansion  and  final  hand  reaming  of  holes  in  a  Center 
Wing  Surface,  along  the  Center  Spav.  The  structure  is  an  all  alum¬ 
inum  stack  consisting  of  the  lowev  surface  wing  skin  panel  and  the 
center  spar  cap.  The  approximate  thickness  in  the  area  surveyed 
was  0.80"  at  W.S.  0.00  and  tapered  to  0.60"  at  W.S.  66.00. 

The  subject  hole  is  sized  by  Engineering  at  0.235"/0.238"  as  the 
starting  hole  for  cold-working  per  specification  and  the  final  reair 
size  at  0. 246"/0, 250"  per  specification. 


*  DRILL  METHOD  CODING;  SE  ■■  Spacematic  with  Expansion 

Spacematic  drilling,  cold  work 
split  sleeve/mandrel  expansion, 
final  hand  reaming. 
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II. 


The  assembly  of  the  center  wing  structure  was  controlled  by  a  very  good 
individually  serialized  manufacturing  Log  Plan.  Instructions  were  clear 
and  concise  for  work  tasks  and  inspection;  including,  mandatory  AFQA  in¬ 
spection  points. 

Assist  tooling  such  as  hand-held  stand-off  reamer  guide  bushing  to  stabi¬ 
lize  hand-held  air  motors,  reamer  and  the  technician  during  5^® 
of  reaming  was  used.  In  addition,  a  siphon  fed  air-mist  ^ 

employed  during  drllllng/reamlng  to  obvious  end  product  quality  advantage. 
Location  for  the  holes  of  this  set  were  selected  purposely  for  their  dls- 
clear  of  any  interference  on  the  assembly  fixture  to  compare  final  ho 
quality  to  that  of  these  holes  which  were  in  inaccessible  areas. 


SUMMARY: 


A. 


B. 


Reference -Executive  Histogram  by  Data  LotJ-  The  data  population  for  this  set 
is  densely  situated  about  the  0.2470-/0.2473-  zone  of  the  overall  0.246  / 
0.250"  tolerance  band.  The  data  elements  exhibit  a  Bimodal  Gausian  Dis¬ 
tribution  that  is  significant  in  concluding  a  manufacturing  sequence  where 
the  tools,  process  and  personnel  are  functioning  harmoniously  and  yield  a 
quality  end  product. 

Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey  Inspec- 
tlon.  All  of  the  holes  of  this  set  meet  the  established  Engineering  crltericuj. 
Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a  measu 
trir^on^ose  arithmetical  Lerage  is  0.247227"  for  the  b®^^®®  ® 
nlne  (29)  holes.  This  value  is  excellent  since  it  resides  at  the  low  11 
vicinity  of  the  tolerance  range.  The  affect  of  adequate  and  proper  use  of 
tooling  and  craftsmanship  are  apparent  in  this  set  of  holes. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes  are  dis¬ 
eased  in  paragraph  III  along  with  rationale  disclosures  on  overall  quality. 

The  Computer  Statistical  Printout  for  this  series  of  holes  provide  composite 
clues  traceable  to  the  following: 


1. 


2. 


3. 


4. 


Soacematlc  preliminary  holes  are  being  satisfactorily  produced  to 
specification  tolerance  as  starting  holes  for  subsequent  cold-working. 

Hand-held  air  powered  drill  motor  driving  a  piloted  tip  reamer  pro¬ 
duces  very  good  final  holes  per  0.246"/0.250  tolerance  criterion. 

NOTE:  Reamer  is  a  six  fluted  long  shank  piloted  tip  reamer  sized 
at  0.2375"  (tip)  and  0.2470"  (shank). 

The  affect  of  a  hand-held  stand-off,  reamer  guide  bushing  tool  to 
assist  in  stabilizing  the  reamer  and  powerhead  is  apparent  in  the 
shape  and  quality  of  the  final  holes. 

Periodic  inspections  prior  to  the  final  hole  inspection  as  ‘^^tected 
by  the  Log  Planning  is  a  significant  factor  in  determining  specifica 
tion  compliance  and  final  hole  quality. 
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III.  CHARACTERISTICS; 


A  Hole  Size:  1044  data  measurements  were  accrued  from  the  twenty-nine  (29) 
holes  comprising  this  set  Reference  Executive  Summary  by  Data 
Lot  discloses  an  arithmetical  average  of  0.247227"  which  is 
excellent  for  the  set  and  is  reflected  in  the  quality  of  the 
holes. 

All  of  the  specimens  conform  to  the  tolerance  criterion 
established  by  Engineering  and  there  are  no  significant  geo¬ 
metric  features  degrading  the  overall  integrity  of  these 
holes. 

1.  Seventeen  (17)  holes,  identified  Ho^.  //3,  5,  6,  7,  9,  12, 

13,  14,  15,  16,  17,  18,  20,  23,  26,  28  and  #29  are  nearly 
perfect  specimens.  Less  than  0.0003"  variation  exists  in 
the  series  of  thirty-six  (36)  measurements  recorded  for  each 
individual  hole. 

Reference  Individual  Hole  Computer  Printouts.  The  range  of 
measurements  for  the  above  holes  were  recorded  as  follows: 


Center  Wing 

S/N  215 

Hole  # 

Range 

Hole  # 

Range 

3 

0.000233" 

16 

0.000250" 

5 

0.000250" 

17 

0.000207" 

6 

0.000267" 

18 

0.000190" 

7 

0.000138" 

20 

0.000241" 

9 

0.000241" 

23 

0.000284" 

12 

0.000284" 

26 

0.000267" 

13 

0.000181" 

28 

0.000198" 

14 

0.000293" 

29 

0.000224" 

15 

0.000198" 

The  above  listed  holes  reveal  exceedingly  slight  "spurs" 
at  various  measurement  plane  levels  and  axes  within  the 
holes  which  most  probably  is  a  result  of  chip  load  irregular¬ 
ity.  It  is  not  considered  a  detriment  to  hole  quality  and 
is  not  perceptible  via  visual  inspection  of  the  specimen 
at  3X  magnification. 
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B.  Ovality: 


2.  Extending  the  variation  limit  criterion  to  less  than 

0.0005"  In  magnitude  Introduces  ten  (10)  additional  holes 
from  this  set. 

These  holes.  Identified  Hole  4,  8,  10,  11,  19,  22,  24, 
25  and  #27  are  virtually  the  same  quality  integrity  as 
Item  III.A.l  holes. 

Reference  Individual  Hole  Computer  Printouts.  The  range 
of  measuremer.ts  for  the  above  noted  holes  were  recorded 
as  follovra: 


Center  Wing  S/N  215 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000319" 

19 

0.000253" 

4 

0.000319" 

22 

0.000491" 

8 

0.000336" 

24 

0.000336" 

10 

0.000314" 

25 

0.000310" 

11 

0.000422" 

27 

0,000371" 

Reference  to  Individual  Computer  Printout  Data  for  the 
above  series  of  holes  discloses  an  identifiable,  extremely 
minute,  bellmouth  feature  at  Hole  #8,  10  and  #22  and  very 
slight  "spurs"  at  various  measurement  planes  and  axes  in  the 
remainder  of  the  holes. 

The  bellmouth  characteristic  is  a  consequence  of  very  slight 
center-seeking  of  the  reamer  at  the  start  of  its  duty  cycle. 
The  data  "spurs"  are  a  product  of  irregular  chip  load.  Boi^ 
are  exceptionally  minute.  Neither  of  these  characteristics 
are  significant  enough  to  be  considered  a  degradation  to 
hole  quality. 

3.  Hole  #21  is  the  largest  hole  of  the  set  and  recorded  its 
greatest  measurement  at  0.248422"  at  the  exit  plane  of  the 
hole.  Reference  Individual  Computer  Printout  reveals  the 
feature  to  be  a  consequence  of  irregular  breakout  at  .he 
completion  of  reaming.  It  is  extremely  minute  and  not  a 
detriment  to  overall  hole  quality . 

Maximum  recorded  ovality  within  the  set  occurred  at  Holo  #21  and 
discloses  a  value  of  0.001138"  on  the  0°  -  90°  axes  at  plane 
#9  Ovality  is  sli^t  and  does  not  exceed  the  Engineering  to¬ 
lerance  criterion  and  is  the  product  of  minute  irregular  reamer 
breakout  at  completion  of  its  duty  cycle. 
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Ovality  was  not  a  cause  for  concern  on  this  set . Reference  to 
the  Individual  Hole  Computer  Printouts.  All  holes  are  extreme¬ 
ly  good  on  ovality  measurements,  (generally  less  than  0.0001"). 
None  of  the  holes  of  this  setexceeded  the  Engineering  criterion. 

C.  Perpendicularity:  Hole  size,  below  0.250"  diameter,  would  not  permit  in¬ 

spection  via  the  Angle/Azimuth  Gaging  Device;  therefore 
verification  of  perpendicularity  was  accomplished  via 
subsequent  inspection  of  the  head  to  countersink  nesting 
of  fasteners  in  the  structure.  The  holes  were  normal  to 
the  longitudinal  axis  of  the  holes  and  acceptable  to  es¬ 
tablished  Engineering  criterion  of  2°. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance  as  in¬ 

dicated  by  profile  analysis. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 

F.  Bellmouthing:  Evident  in  very  minute  and  subtle  amounts  as  indicated  by 

holes  referenced  in  III.A.l  thru  III. A. 2  narrative. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks .  This  series  of  speci¬ 

mens  exhibited  a  very  good  interior  wall  texture.  Several 
holes  revealed  a  very  shallow  angle  rifling,  not  in  excess 
of  the  125AA  machine  finish  criterion.  The  holes  were  in¬ 
spected  via  Sight  Pipe  at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  in  this  set  of  holes. 

H.  Burrs:  Deburring  was  satisfactorily  accomplished  per  the  normal  process 

plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish  of  100  AA 

or  better.  Optical  Surface  comparator  was  used  in  in¬ 
spection  and  the  sidewalls  were  smooth  and  shiny. 


I 

! 
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drill  method  se 


ranking  number  5  * 
HOLE  SIZE:  0.246'70.250" 


I.  OVERVIEW: 

A.  This  set  ot  survey  holes  festures  Spacematlc  drilling,  cold-work  spllt- 
sleeve/nandrel  expansion  and  final  hand  reanlng  of  holes  In  the  Center 
Wing  Lower  Surface,  along  the  Front  Spar.  The  structure  Is  an  all 
aluminum  stack  consisting  of  the  lower  surface  wing  skin  panel  and 
the  front  spar  cap.  The  approximate  thlckneaa  In  the  area  surveyed 
was  0.95"  at  W.S.  0.00  and  tapered  to  0.88”  at  W.S.  44.50. 

The  subject  hole  Is  sired  by  Engineering  at  0.235"/0.238"  as  the 
starting  hole  for  cold-working  per  specification  and  the  final  ream 
Size  at  0.246". 0.250"  per  Specification. 


*  DRILL  METHOD  CODING: 


SE  *  Spacematlc  with  Expansion 
Spacematlc  drilling,  cold  work 
split  sleeve/mandrel  expansion, 
final  hand  reaming. 
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The  assembly  of  the  center  wing  structure  was  controlled  by  a  very  good 
Individually  serialized  manufacturing  Log  Plan.  Instructions  were  clear 
and  concise  for  work  tasks  and  Inspection;  including,  mandatory  AFQA  in¬ 
spection  points. 

Assist  tooling  such  as  hand-held  stand-off  reamer  guide  bushing  to  stabi¬ 
lize  hand-held  air  motors,  reamer  and  the  technician  during  the  duty  cycle 
of  reaming  was  used.  In  addition,  a  siphon  fed  air-mist  coolant  system  is 
employed  during  drllllng/reamlng  to  obvious  end  product  quality  advantage. 

II.  SUMMARY: 


A.  Reference  Executive  Histogram  by  Data  Lot.  The  data  population  for  this  set 
is  densely  situated  about  the  0.2471"/0.2475"  zone  of  the  overall  0.246"/ 
0.250"  tolerance  band.  The  data  elements  exhibit  a  Blmodal  Gauslan  Dis¬ 
tribution  that  is  significant  in  concluding  a  manufacturing  sequence  where 
the  tools,  process  and  personnel  are  functioning  harmoniously  and  yield  a 
quality  end  product. 

Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey  inspec¬ 
tion.  All  of  the  holes  of  thlssetmeet  the  established  Engineering  criterion. 
Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a  measurement  dis¬ 
tribution  whose  arithmetical  average  is  0.247314"  for  the  series  of  twenty- 
nine  (29)  holes.  This  value  is  excellent  since  it  resides  at  the  low  limit 
vicinity  of  the  tolerance  range.  The  affect  of  adequate  and  proper  use  of 
tooling  and  craftsmanship  are  apparent  in  this  set  of  holes. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes  are  dis¬ 
cussed  in  paragraph  III  along  with  rationale  disclosures  on  overall  quality. 

B.  The  Computer  Statistical  Printout  for  this  series  of  holes  provide  composite 
clues  traceable  to  the  following: 

1.  Spacematic  preliminary  holes  are  being  satisfactorily  produced  to 
specification  tolerance  as  starting  holes  for  subsequent  cold-working. 

2.  Hand-held  air  powered  drill  motor  driving  a  piloted  tip  reamer  pro¬ 
duces  very  good  final  holes  per  0. 246"/0. 250"  tolerance  criterion. 

NOTE:  Reamer  is  a  six  fluted  long  shank  piloted  tip  reamer  sized 
at  0.2375"  (tip)  and  0.2470"  (shank). 

3.  The  affect  of  a  hand-held  stand-off,  reamer  guide  bushing  tool  to 
assist  in  stabilizing  the  reamer  and  powerhead  is  apparent  in  the 
shape  and  quality  of  the  final  holes. 

4.  Periodic  inspections  prior  to  the  final  hole  inspection  as  directed 
by  the  Log  Planning  is  a  significant  factor  in  determining  specifica¬ 
tion  compliance  and  final  hole  quality. 
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III.  CHARACTERISTICS: 


A. 


Hole  Sizes:  1044  data  measurements  were  accrued  from  the  twnty-nlne  (29) 
Hole  Sizes.  10^^^  this  set.Ref erence  Executive  S^ry  by  Data 

Lot  discloses  an  airtftmetical  average  of  [f 

excellent  for  the  set  and  Is  reflected  in  the  quality  of  the 

holes. 

All  of  the  specimens  conform  to  the  tolerance  criterion  es¬ 
tablished  by  Engineering.  Several  holes  in  this  se.  exhibi 
an  extremely  alight  lobing  and/or  bulging  f  ^ 

the  only  departures  from  otherwise  perfectly  cylindrical  holes . 

1.  Eight  (8)  holes,  identified  Hole  #1.  2,  8.  ^ ,  20  21,  22 

and  //26  are  nearly  perfect  specimens.  Less  than  0.000 J 
variations  exists  in  the  series  of  thirty-six  (.36)  measure¬ 
ments  recorded  for  each  individual  hole. 

Reference  Individual  Hole  Computer  Printouts.  The  range 
.,4-  ^aac.ir Aments  for  the  above  holes  were  recorded  as  fol 


Center  Wing  H-/N-  iiS 


Hole  // 

Range 

Hole  it 

Range 

1 

0.000233" 

20 

0.000190" 

2 

0.000172" 

21 

0.000233" 

8 

0.000250" 

23 

0.000241" 

19 

0.000172" 

26 

0.000147" 

2. 


The  above  listed  holes  reveal  exceedingly 
at  various  measurement  plane  levels  and  axes  within  the 
holes  rtlch  most  probably  la  a  raault  of  chip  load  Irte^lar- 
ity.  It  is  not  considered  a  detriment  to  hole  quality  and 
is^not  perceptible  via  visual  inspection  of  the  specimens 
at  3X  magnification. 

Extending  the  variation  limit  criterion  to  less  than  0.0005" 
in  magnitude  Introduces  sixteen  (16)  additional 

holes.  Identified  Hole  #5,  6,  7,  9,  11,  12,  13,  14, 

18,  23,  25,  27,  28  and  If29  are  virtually  the  same  quality 

<ntefirltv  as  item  IlI.A.l  holes. 


Reference  Individual  Hole  Computer  Printouts, 
of  measurements  for  the  above  noted  holes  were 
as  follows: 


The  range 
recorded 
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Center  Wing  0/N  215 


Hole  # 

Range 

Hole  # 

Range 

5 

0.000319" 

15 

0.000498' 

6 

0.000362" 

16 

0.000457' 

7 

0.000500" 

18 

0.000362' 

9 

0.000310" 

23 

0.000345' 

11 

0.000405" 

25 

0.000320 

12 

0.000353" 

27 

0.000371 

13 

0.000336" 

28 

0.000371 

14 

0.000328" 

29 

0,000362 

Reference  Individual  Hole  Computer  Printouts.  Holes  | 

identified  //5,  6,  9,  11,  15,  16  and  jM8  all  exhibit  slight 
bulges  at  various  plane  levels  of  measurement  per  their 
Axes  Profile  Data  Printout.  The  most  probable  cause  of  this 
phenomenon  is  suggested  as  chip  build  up  and/or  coolant 
starvation  during  final  reaming. 

Holes  #14,  23  and  #28  feature  insignificant  enlargement  | 

at  the  entrance  to  the  holes.  Reamer  center-seeking  is 
assessed  the  most  probable  cause  for  the  feature. 

The  remainder  of  holes  in  item  III  .A,  2  display  slight 
lobes  of  enlargement  at  magnitudes  of  0.0001"  to  0.0003", 
most  probably  the  result  of  irregular  chip  load  (clearing) 
during  the  final  reaming  cycle. 

The  features  discussed  for  item  III. A. 2  holes  above  are 
extremely  minute  and  are  not  considered  degrading  to  the 
overall  quality  of  these  holes. 

3.  Hole  #10  is  the  largest  hole  of  the  $et  recorded  its 
greatest  measurement  at  0.247879"  at  the  exit  plane  of  the 
hole.  Hole  Computer  Printout  suggests  the  feature  to  be  a 
result  of  side-loading  by  the  operator  during  the  reaming 
duty  cycle.  The  characteristic  is  predominant  along  the 
lower  portion  of  the  0°  and  45°  Axes.  Although  the  side- 
load  feature  exists.  Hole  #10  is  well  within  the  criterion 
established  by  Engineering. 
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A.  All  of  the  features  noted  in  items  III.A.l  through  III. A. 3 
are  considerably  slight  as  a  departure  from  a  truly  cylind¬ 
rical  hole. 

The  tise  of  assist  tooling  for  stablizing  the  powerhead, 
reamer  and  operator  is  apparent  in  the  data  and  the  overall 
quality  of  this  series  of  holes  is  very  good.  The  fact 
that  all  of  the  holes  are  within  tolerance  attest  to  the 
craftsmanship,  skill  and  knowledgeable  use  of  tooling. 


B.  Ovality: 


Maximum  recorded  ovality  »d.thin  the  set  occurred  at  Hole  //lO 
and  discloses  a  value  of  0.000698"  on  the  45°  -  135°  axes  at  plane 
#9.  Ovality  is  slight  and  does  not  exceed  the  Engineering  to¬ 
lerance  criterion  and  is  the  product  of  the  side-load  feature  in 

this  hole. 

Ovality  was  not  a  cause  for  concern  on  this  set  Reference  to 
the  Individual  Hole  Computer  Printouts.  All  holes 
good  on  ovality  measurements,  (generally  less  than  0.0003  ).  None 
of  the  holes  of  this  setexceeded  the  Engineering  criterion. 


C.  Perpendicularity: 


Straightness: 


Hole  size,  below  0.250"  diameter,  would  not  permit 
inspection  via  the  Angle/Azimuth  Gaging  Device;  there¬ 
fore  verification  of  perpendicularity  was  accomplished 
via  subsequent  inspection  of  the  head  to  countersink 
nesting  of  fasteners  in  the  structure.  The  holes  were 
normal  to  the  longitudinal  axis  of  the  holes  and  accept¬ 
able  to  established  Engineering  criterion  of  2  . 

Straightness  is  within  Engineering  design  tolerance  as  in¬ 
dicated  by  profile  analyses. 


E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 


F. 


Bellmouthing:  Non-existent  as  evidenced  by  profile  analyses. 


G .  Hole  Texture : 


H.  Burrs; 


Rifling,  Scratches,  Chatter  Marks.  This  series  of  speci¬ 
mens  exhibited  a  very  good  interior  wall  texture.  Several 
holes  revealed  a  very  shallow  angle  rifling,  not  in  excess 
of  the  125AA  machine  finish  criterion.  The  holes  were  in¬ 
spected  via  Sight  Pipe  at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  in  this  set  holes. 

Deburrlng  was  satisfactorily  accomplished  per  the  normal  process 
plan  work  instructions. 


I.  Surface  Finish: 


All  holes  of  this  set  exhibited  a  eorf.ce  “"‘f 

or  better.  Optical  Surface  comparator  was  used  in  inspection 

and  the  sidewalls  were  smooth  and  shiny. 
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4.  All  of  the  features  noted  in  items  IIItA.l  through  III. A. 3 
are  considerably  slight  as  a  departure  from  a  truly  cylind¬ 
rical  hole. 

The  use  of  assist  tooling  for  stabllzing  the  powerhead, 
reamer  and  operator  is  apparent  in  the  data  and  the  overall 
quality  of  this  series  of  holes  is  very  good.  The  fact 
that  ^  of  the  holes  are  within  tolerance  attest  to  the 
craftsmanship,  skill  and  knowledgeable  use  of  tooling. 


B.  Ovality: 


Maximum  recorded  ovality  within  the  set  occurred  at  Hole  //lO 
and  discloses  a  value  of  0.000698"  on  the  45°  -  135°  axes  at  plane 
#9.  Ovality  is  slight  and  does  not  exceed  the  Engineering  to¬ 
lerance  criterion  and  is  the  product  of  the  side-load  feature  in 

this  hole. 

Ovality  was  not  a  cause  for  concern  on  this  set  Reference  to 
the  Individual  Hole  Computer  Printouts.  All  holes 
good  on  ovality  measurements,  (generally  less  than  0.0003  ).  None 
of  the  holes  of  this  setexceeded  the  Engineering  criterion. 


C.  Perpendicularity: 


D.  Straightness: 


E. 


F. 


Hole  size,  below  0.250"  diameter,  would  not  permit 
Inspection  via  the  Angle/Azimuth  Gaging  Device;  there¬ 
fore  verification  of  perpendicularity  was  accomplished 
via  subsequent  inspection  of  the  head  to  countersink 
nesting  of  fasteners  in  the  structure.  The  holes  were 
normal  to  the  longitudinal  axis  of  the  holes  and  accept¬ 
able  to  established  Engineering  criterion  of  2  . 

Straightness  is  within  Engineering  design  tolerance  as  in¬ 
dicated  by  profile  analyses. 

Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 

Bellmouthing:  Non-existent  as  evidenced  by  profile  analyses. 

Rifling,  Scratches,  Chatter  Marks.  This  series  of  speci¬ 
mens  exhibited  a  very  good  interior  wall  texture.  Several 
holes  revealed  a  very  shallow  angle  rifling,  not  in  excess 
of  the  125AA  machine  finish  criterion.  The  holes  were  in¬ 
spected  via  Sight  Pipe  at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  in  this  set  holes. 

Deburrlng  was  satisfactorily  accomplished  per  the  normal  process 
plan  work  instructions. 

Finish:  All  holes  of  this  set  exhibited  a  surface  „ 

or  better.  Optical  Surface  comparator  was  used  in  inspection 

ar.H  i-ho  nldewalls  were  smooth  and  shiny. 


G .  Hole  Texture : 


H. 

Burrs: 

I. 

Surface 
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DRILL  METHOD  SE 


RANKING  NUMBER  6  * 
HOLE  SIZE:  0.246'70/250" 


I.  OVERVIEW: 

A.  This  set  of  survey  holes  features  Spacematlc  drilling,  cold-work  split- 
sleeve/nandrel  expansion  and  final  hand  reaming  of  holes  in  a  Center 
Wing  Lower  Surface,  at  the  Center  Spar.  The  structure  is  an  all 
aluminum  stack  consisting  of  the  lower  surface  wing  skin  panel  and 
the  center  spar  cap.  The  approximate  thickness  in  the  area  surveyed 
was  0.60"  at  W.S.  44.50  to  W.S.  66.00. 

The  subject  hole  is  sized  by  Engineering  at  0.235"/0.238"  as  the 
starting  hole  for  cold-working  per  specification  and  the  final  ream 
size  at  0.246"/0.|250"  per  Specification. 


*  DRILL  METHOD  CODING:  SE  -  Spacematlc  with  Expansion 

Spacematlc  drilling,  cold-work  spllt/sleeve 
mandrel  expansion,  final  hand  reaming. 
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II. 


The  of  the  center  “‘"S  re„!°"5rsirfctiLe  wS  flfer 

r:i::“ei’'frrrrrttereS'r„:;:^u:^;  -aetorT  A^QA  fn- 

spectlon  points. 

Assist  tooling  such  as  ^®"‘*"^®J;^^®3®j‘^”Jie^teSniclan^durlng  the  duty  cycle 
llze  hand-held  air  motors,  o^T)hon  fed  alr-mlst  coolant  system  Is 

of  re«.ing  ».e  lo  obvious  end  product  quality  advantage. 

SitHn  this  letwere  eeu 

'^^Itftnhirrf'”'""  Sor»rirti^e":ieitieuy  i^ated  m  .0 

same  wing  area. 

UMMARY; 

heference  Trecutlve  Hlatograa  -t.  ^t  The  dat.^^^^^ 
le  densely  situated  about  the  ^ 

0.250"  tolerance  "end.  The  date  ^  ™„„facturlng  sequence  where 

JJ^Ufo^.^rLe^sIrd  personnel  are  functioning  haneonlousl,  end  yield  . 
quality  end  product. 

..4iaKie  ^n  this  structure  for  survey  Inspec- 
Twenty-nine  ^9)  holes  ^e  established  Engineering  criterion, 

tlon.  All  of  the  holes  of  discloses  a  measurement  dis- 

Reference  Erecutlve  Summary  by  247362”  for  the  aeries  of  tventy- 

trlbution  whose  arithmetical  average  Is  0.2«»2 

nine  (29)  holes.  This  value  1.  'f  “  and  proper  use  of 

vicinity  of  the  tolerance  range.  T^  affect  »  9^ 

tooling  and  craftsmanship  are  apparent  in  tn 

r edVX’ApJ 

B.  The  computer  Statlstlc.l  Printout  for  this  series  of  holsa  provide  composite 
clues  traceable  to  the  following. 


1. 


2. 


4. 


sJ^cmcaUortiTe^nL^'eslMrLnfSoler^for'siSmJe^t  CO 

^fe's'veryToorTlMl  hoi«  ^r°;.?46W  250"“orer.nce  c^rlL. 

note:  Reamer  Is  a  six  fluted  lo.«  *s*  piloted  tip  reamer  sited 
at  0.2375"  (tip)  and  0.2470  (shank). 

The  sffect  of  .  hand-held  !““LS“s  ‘p^St^'t^e 

assist  In  stabilizing  the  reamer  and  powerheau  is  app 

shape  and  quality  of  the  final  holes, 
tion  compliance  and  final  hole  qual  ty. 
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III.  CHARACTERISTICS! 


A.  Hole  Size:  928  data  measurements  were  accrued  from  the  twenty-nine  (29) 

holes  comprising  this  set.  Reference  Executive  Summary  by  Data 
Lot  discloses  an  arithmetical  average  of  0.247362"  which  Is 
excellent  for  the  set  and  Is  reflected  In  the  quality  of  the 
holes . 

All  of  the  specimens  conform  to  the  tolerance  criterion 
established  by  Engineering  and  there  are  no  significant 
geometric  features  degrading  the  overall  Integrity  of  these 
holes. 

1.  Eighteen  (18)  holes.  Identified  Hole  #1,  2,  3,  4,  6,  7, 

8,  9,  10,  14,  15,  17,  18,  20,  23,  24,  27  and  #29  are 
nearly  perfect  specimens.  Less  than  0.0003"  variation 
exists  In  the  series  of  thirty-two  (32)  measurements  re¬ 
corded  for  each  Individual  hole. 

Reference  Individual  Hole  Computer  Printouts.  The  range 
of  measurements  for  the  above  holes  were  recorded  as 
follows: 


Center  Wing  S/N  216 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000250" 

14 

0.000233' 

2 

0.000302" 

15 

0.000302 

3 

0.000198” 

17 

0.000293 

4 

0.000121" 

18 

0.000302 

6 

0.000181” 

20 

0.D00302 

7 

0.000155” 

23 

0.000216' 

8 

0.000284" 

24 

0.000302' 

9 

0.000276" 

27 

0.000250' 

10 

0.000207” 

29 

0.000302' 

The  above  listed  holes  reveal  exceedingly  slight  "spurs" 
at  various  measurement  plane  levels  and  axes  within  the 
holes  which  most  probably  Is  a  result  of  chip  load  Irregular¬ 
ity.  It  Is  not  considered  a  detriment  to  hole  quality 
and  Is  not  perceptible  via  visual  Inspection  of  the  speci¬ 
men  at  3X  magnification. 
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B.  Ovality: 


2.  Extending  the  variation  limit  criterion  to  less  than 
0.0005"  in  magnitude  introduces  the  remaining  eleven 

(11)  holes  from  this  set.  j 

These  holes,  identified 

Hole  #5.  U.  12.  13.  16.  19.  21.  22.  25.  26  jnd  #28 
are  virtually  the  same  quality  integrity  as  Item  IIl.A.l 


aa  . 


Reference  Individual  Hole  Computer  Printouts.  The  range 
of  measurements  for  the  above  noted  holes  were  recorded 
as  follows: 


Center 

Wing  S/N  216 

Hole  # 

Range 

5 

0.000362" 

11 

0.000336" 

12 

0.000319" 

13 

0.000397" 

16 

0.000466" 

Hole  // 

Range 

19 

0.000431" 

21 

0.000379" 

22 

0,000509" 

25 

0.000379" 

26 

0.000483" 

28 

0.000483" 

Reference  to  Individual  Computer  Printout  Data  for  the 
above  series  of  holes  discloses  an  identifiable,  extremely 
minute,  Bellraouth  feature. 

The  slight  bellmouth  feature  for  the  holes  of  itra  ni.A.2 
SVc^ooquence  of  very  .light  conter-soeklng  of  the  rojoer 
at  the  start  of  its  duty  cycle.  The  data  *5"^”  ’ 
in  the  holes  of  item  IIl.A.l  are  a  product  of  irpgular 
rhlp  load.  Both  are  exceptionally  minute.  Neither  o  ese 
characteristics  are  significant  enough  to  be  considered 
a  degradation  to  hole  quality. 

3.  Hole  #5  is  the  largest  hole  of  the  set  and  recorded  its 
greatest  measurement  at  0.247810"  at  the  tart  plane  of 
the  hole.  Reference  Individual  Computer  Printout  reveals 
the  feature  to  be  a  consequence  of  reamer  center-seeking 
at  the  start  of  its  duty  cycle.  It  is  extremely  minute, 
shallow  and  not  a  detriment  to  overall  hole  quality. 

uclam  recorded  ovellty  »ithln  the  set  fJLf' 

taSwe.  .  veloe  of  0.000388"  on  the  45“  -  135°  et  pl»e 
L  Ovality  is  sllgiht  and  does  not  exceed  the  Engineering  to 
i;an«  «UerJon  aS  is  the  product  of 

tart  on  entrance  to  the  hole.  The  feature  is  insignificant  and 
ot  assessed  a  detriment  to  the  quality  of  the  hole. 
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Ovality  was  not  a  cause  for  concern  on  this  set.  Reference  to 
the  Individual  Hole  Coiiq>uter  Printouts.  All  holes  are  extreme¬ 
ly  good  on  ovality  measurements »  (generally  lees  than  0.0001"). 
None  of  the  holes  of  this  set  exceeded  the  Engineering  criterion. 

C.  Perpendicularity:  Hole  size,  Below  0.250"  diameter,  would  not  permit  in¬ 

spection  via  the  Angle/Azimuth  Gaging  Device;  therefore 
verification  of  perpendicularity  was  accomplished  via 
subsequent  Inspection  of  the  head  to  countersink  nesting 
of  fasteners  in  the  structure.  The  holes  were  normal  to 
the  longitudinal  axis  of  the  holes  and  acceptable  to  es¬ 
tablished  Engineering  criterion  of  2®. 

D.  Straightness;  Straightness  is  within  Engineering  design  tolerance  as  in¬ 

dicated  by  profile  analysis. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses, 

F.  Bellmouthlng :  Evident  in  very  minute  and  subtle  amounts  as  indicated  by 

holes  referenced  in  III.A.l  thru  III. A. 2  narrative. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  series  of  speci¬ 

mens  exhibited  a  very ‘good  interior  wall  texture.  Several 
holes  revealed  a  very  shallow  angle  rifling,  not  in  excess 
of  the  125AA  machine  finish  criterion.  The  holes  were  in¬ 
spected  via  Sight  Pipe  at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  in  this  of  holes. 

H.  Burrs:  Deburring  was  satisfactorily  accomplished  per  the  normal  process 

plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  get  eadiiblted  a  surface  finish  of  100  AA 

or  better.  Optical  Sxirface  comparator  was  used  in  inspec¬ 
tion  and  the  sidewalls  were  smooth  and  shiny. 
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DRILL  METHOD  Q-2 

ranking  number  7* 

HOLE  SIZE  0*4375"/0.4405" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  the  Longeron,  outboard  of  the  Forward  Engine  Mount 
but  in  the  same  structural  interface  station  plane.  The 
structure  is  aluminum  approximately  .700"  thick  at  the 
surface  to  be  drilled  and  reamed.  The  hole  being 
Inspected  is  sized  at  0.4375"/0.4405"  by  Engineering. 

II.  SUMMARY; 

A.  Only  seventeen  holes  were  inspected  in  this  set  owing  to 
the  fact  that  additional  structures  to  complete  a  twenty- 
nine  (29)  hole  sample  set  were  unavailable  for  Inspection. 
Subsequent  assembly  fixtures  were  using  the  subject  holes 
as  locator  "hard  points"  for  assembly  continuation.  The 
structures  representative  of  the  seventeen  holes  for  this 
set  was  available  on  the  production  line  on  a  non-inter¬ 
ference  basis.  Inspection  was  performed  by  "thru-hole 
air  probe". 

The  computer  data  Statistical  Printout  for  this  series  of 
holes  provides  a  classic  composite  traceable  to  the  follow¬ 
ing  for  the  production  of  good  holes: 

1.  Good  fixture  design  for  Interface  control/interchange- 
ability  reliability  and  Quackenbush  drill  adaptation. 

2.  Quackenbush  drlll/reamlng  method  and  accessories  pro¬ 
ducing  good  holes. 

3.  Planning  is  excellent  for  inspection  traceability  on 
holes . 

4.  "Drill  Kit  &  Pre-Set  Orders"  (DKPO)  Identified  in 
the  planning  provides  the  technician  performing  the 
drill/reaming  task  with  a  freshly  inspected,  cleaned, 
controlled  set  of  new  or  refurbished  tools  (drill 
motor,  drills,  reamers,  bushings,  etc.)  to  accomplish 
a  specific  task  on  a  om  time  use  only  basis. 

5.  Morale  among  production  personnel  is  high.  The 
attributes  of  pride  and  craftsmanship  are  evident 
in  the  quality  of  work  produced. 

*  DRILL  METHOD  CODING;  Q-2  ■  Quackenbush,  Air  Power,  Reamer,  Mechanical 
Quackenbush  drill  adaptation.  Quackenbush  drill/reaming. 
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III.  CHARACTERISTICS ; 


A.  Hole  ilze:  All  holee  were  within  the  allowable  Engineering 

criterion  of  0.4375 '70. 4405”.  Hole*  are  individually 
excellent  on  site.  Measurementa  were  taken  at  40 
locations  within  each  hole*  Hole  #9,  the  best  of  the 
set,  discloses  a  range  of  measurements  of  only  0.0M095 
from  Its  max.  to  min.  dimensional  readings.  Hole  #6, 
exhibiting  the  greatest  variation  In  measurement  range. 
Is  only  0.001103”.  The  maximum  reading  for  hole  #3 
was  0.439353”  and  its  minimum  was  0.438250".  The 
profile  of  this  hole  discloses  a  stral^t  taper  from 
start  to  finish  of  the  drill/ream  process.  The  0.439353 
dimension  Is  at  the  interface  plane  of  the  longeron 
(forward  face)  idilch  Is  the  entry  face  of  the  drill/ 
ream  process.  The  exit  of  the  hole  Is  0.438250”. 

Hole  #4  Is  similar  but  has  only  a  0.000560"  taper. 

Refer  to  the  Statistical  Printout  for  complete  details 
of  specific  measurement  and  profile. 

Since  the  taper  in  both  hole  #4  and  hole  #6  are 
0.000560"  and  0.000095”  reamer  to  bushing  "rattle 
space  is  suggested  as  the  cause  for  taper. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  was  0.000328 

at  hole  #14.  Individual  holes  within  this  set  (40 
HKMurements  per  hole)  ranged  to  as  low  as  0.000095 
at  hole  #6. 

The  cause  for  the  slight  ovality  within  this  set  of 
holes  is  considered  the  result  of  chip  load  since  it 
generally  occurs  deep  Inside  the  hole  and  tapers  when 
considering  the  four  (4)  plane  level  readings. 

C.  Prependlcularity:  All  holes  within  this  set  were  absolutely 

normal  to  the  longitudinal  axis  of  the  hole  with 
regard  to  the  machined  face  (interface  surface), 
the  forward  face  of  the  longeron  structure.  Per¬ 
pendicularity  was  verified  to  be  sero  degrees  (0  ) 
when  measured  with  the  lOX  magnification  Aslmuth/ 

Angle  Gaging  Device. 

D.  Straightness;  Straightness  Is  within  Engineering  design  tolerance 

as  Indicated  by  the  profile  analyses. 

E.  Barrelling:  None  evident  as  Indicated  by  the  profile  analyses. 

F.  Bellmouthlng:  None  evident  as  Indicated  by  the  profile  analyses. 

G.  Hole  Texture;  Rifling,  Scratches,  Chatter  marks.  This  set  of 

holes  exhibited  a  very  good  Interior  wall  texture. 

There  was  only  an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Sight  Pipes  at  3X  magni¬ 
fication.  There  were  no  chatter  marks  nor  vertical 
scoring  In  these  holes. 
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H.  Burrs : 


This  set  of  holes  was  drilled  and  reamed 
through  one  solid  flange  and  was  debarred 
satisfactorily  in  the  normal  process  plan 
work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface 

finish  of  "100  AA"  or  better.  Optical 
Surface  Coiiq>arator  was  used  in  this  inspection. 
Surface  was  smooth  and  shiny. 
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DRILL  METHOD  SE 
RANKING  NUMBER  8  * 
HOLE  SIZE;  0.2A6’70.250" 


OVERVIEW; 

A.  This  set  of  survey  holes  features  Spacematlc  drilling,  cold-work 
split-  sleeve /mandrel  expansion  and  final  hand  reaming  of  holes 
in  a  Center  Wing  Lower  Surface,  along  the  Front  Spar.  The  structure 
Is  an  all  aluminum  stack  consisting  of  the  lower  surface  wing  skin 
panel  and  the  front  spar  cap.  The  approximate  thickness  In  the  area 
surveyed  was  0.95"  and  tapered  to  0.88". 

The  subject  hole  Is  sized  by  Engineering  at  0,235"/C.238"  as  the 
starting  holes  for  cold-working  per  specification  and  the  final  ream 
size  at  0.246"/0.250"  per  Specification. 


*  DRILL  METHOD  CODING:  SE  *  Spacematlc  with  Expansion 
Spacematlc  drilling,  cold-work  split  sleeve/mandrel 
expansion,  final  hand  reaming. 


195 


The  assembly  of  the  center  wing  structure  was  controlled  by  a  very  good 
individually  serialized  manufacturing  Log  Plan.  Instructions  were  clear 
and  concise  for  work  tasks  and  inspection;  Including,  mandatory  AFQA  in¬ 
spection  points. 

Assist  tooling  such  as  hand-held  stand-off  reamer  guide  bushing  to  stabi¬ 
lize  hand-held  air  motors,  reamer  and  the  technician  during  the  duty  cycle 
of  reaming  was  used.  In  addition,  a  siphon  fed  air— mist  coolant  system  is 
employed  during  drllling/reamlng  to  obvious  end  product  quality  advantage. 

II.  SUMMARY; 

A.  Reference  Executive  Histogram  by  Data  Lot.  The  data  population  for  this  set 
is  densely  situated  about  the  0.2471'70.2474"  zone  of  the  overall  0.246"/ 
0.250"  tolerance  band.  The  data  elements  exhibit  a  Blmodal  Gauslan  Dis¬ 
tribution  that  is  significant  in  concluding  a  manufacturing  sequence  where 
the  tools,  process  and  personnel  are  functioning  harmoniously  and  yield  a 
quality  end  product. 

Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey  inspec¬ 
tion.  All  of  the  holes  of  this  setmeet  the  established  Engineering  criterion. 
Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a  measurement  dis¬ 
tribution  whose  arithmetical  average  is  0.247269"  for  the  series  of  twenty- 
nine  (29)  holes.  This  value  is  excellent  since  it  resides  at  the  low  limit 
vicinity  of  the  tolerance  range.  The  affect  of  adequate  and  proper  use  of 
tooling  and  craftsmanship  are  apparent  in  this  set  of  holes. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes  are  dis¬ 
cussed  in  paragraph  III  along  with  rationale  disclosures  on  overall  quality. 

B.  The  Computer  Statistical  Printout  for  this  series  of  holes  provide  composite 
clues  traceable  to  the  following: 

1.  Spacematlc  preliminary  holes  are  being  satisfactorily  produced  to 
specification  tolerance  as  starting  holes  for  subsequent  cold-working. 

2.  Hand-held  air  powered  drill  motor  driving  a  piloted  tip  reamer  pro¬ 
duces  very  good  final  holes  per  0.246"/0.250"  tolerance  criterion. 

NOTE;  Reamer  is  a  six  fluted  long  shank  piloted  tip  reamer  sized 
at  0.2375"  (tip)  and  0.2470"  (shank). 

3.  The  affect  of  a  hand-held  stand-off,  reamer  guide  bushing  tool  to 
assist  in  stabilizing  the  reamer  and  powerhead  is  apparent  in  the 
shape  and  quality  of  the  final  holes. 

4.  Periodic  inspections  prior  to  the  final  hole  inspection  as  directed 
by  the  Log  Planning  is  a  significant  factor  in  determining  specifica¬ 
tion  compliance  and  final  hole  quality. 
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III.  CHARACTERISTICS; 


A  Hole  Size:  1044  data  measurements  were  accrued  from  the  twenty-nine  (29) 
holes  comprising  this  set. Reference  Executive  Sundry  by  Data 
Lot  discloses  an  arithmetical  average  of  0.247269'  which  is 
excellent  for  the  set  and  is  reflected  in  the  quality  of  the 
holes . 

An  extremely  slight  bellmouth  characteristic  and  chip  load 
spurs  in  several  of  the  holes  are  the  only  geometric  features 
departing  from  otherwise  excellent  cylindrical  holes. 

All  of  the  specimens  conform  to  the  tolerance  criterion  establish 
ed  by  Engineering. 

1.  Thirteen  (13)  holes,  identified  Hole  #2,  6,  7,  8,  11,  18, 

20,  22,  23,  24,  25,  28  and  #29  are  nearly  perfect  specimens. 
Less  than  0.0003"  variation  exists  in  the  series  of  thirty- 
six  (36)  measurements  recorded  for  each  individtial  hole. 

Reference  Individual  Hole  Computer  Printouts.  The  range  of 
measurements  for  the  above  holes  were  recorded  as  follows: 


Center  Wlng-fi'/N-  215 


Hole  # 

Range 

Hole  # 

Range 

2 

0.000250" 

22 

0.000267' 

6 

0.000284" 

23 

0.000224' 

7 

0.000216" 

24 

0.000155' 

8 

0.000207" 

25 

0.000207' 

11 

0.000190" 

28 

0.000198' 

18 

0.000095" 

29 

0.000207 

20 

0.000164" 

The  above  listed  holes  reveal  exceedingly  slight  "spurs"  at 
various  measurement  plane  levels  and  axes  within  the  holes. 

The  "spurs"  are  most  probably  a  result  of  chip  load  Irregularity. 
It  is  not  considered  a  detriment  to  hole  quality  and  is  not 
perceptible  via  visual  inspection  of  the  specimens  at  3X  magni¬ 
fication. 
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2.  Extending  the  variation  limit  criterion  to  less  than 
0.0005"  in  magnitude  introduces  twelve  (12)  additional 

These  holes»  identified  Hole  #2,  3,  5,  9,  10,  13, 
14,  IJ,  16,  17,  21  and  #27  are  virtually  the  same  quality 
integrity  as  Item  III.A.l  holes. 

Reference  Individual  Hole  Computer  Printouts.  The  range 
of  measurements  for  the  above  noted  holes  were  recorded  as 

follows: 


Center  Wing  S/N  215 


Hole  # 

Range 

Hole  # 

Range 

2 

0.000409" 

14 

0.000414" 

3 

0.000483" 

15 

0.000491" 

5 

0.000345" 

16 

0.000345" 

9 

0.000400" 

17 

0.000457" 

10 

0.000397" 

21 

0.000328" 

13 

0.000395" 

27 

0.000466" 

Holes  #3,  9,  10.  14,  17,  21  and  #27  above  feature  a  very 
Insignificant  bellmouth  and/or  taper  enlargement  at  the  en¬ 
trance  to  the  holes.  Reamer  center-seeking  at  the  start  of 
its  duty  cycle  is  assessed  the  most  probable  ca^e  for  be 
mouth  characteristic.  The  feature  is  very  shallow  and  its 
magnitude  generally  less  than  0.0003  .  Hole  #17  exhibit 
the  greatest  depth  Impingement  of  the  bellmouth  condition. 
However,  its  magnitude  also  is  only  0.0004". 

Hoxes  #5,  13,  15  and  #16,  the  remainder  of  specimens  from 
the  above  series  all  exhibit  the  slight  "spurs  at  various 
measurement  plane  levels  and  axes.  Chip  load  irregularity 
is  deemed  the  most  probable  cause  of  the  spurs  . 

The  overall  quality  of  all  of  the  above  holes  is  very  good. 

The  bellmouth  and  spur  characteristics  present  in  the 

are  exceedingly  slight  and  are  not  assessed  a  degrading  feature 

to  hole  quality. 
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3.  Hole  #12  recorded  the  largest  measurement  of  the 
series  at  a  value  of  0  248086".  This  dimension  occurred 
at  the  first  plane  of  measurements  (0.100"  down  into  the 
hole)  and  on  the  45®  axis.  The  "spike"  is  a  result  of 
center-seeking  of  the  reamer  at  the  start  of  its  duty 
cycle  and  it  disappears  entirely  at  the  next  plane  of 
measurements  (0.0625"  deeper  into  the  hole).  Hole  #12 
exhibits  a  slight  bellmouth  feature  at  the  start  of  the 
hole  and  gradually  diminishes  as  depth  in  the  hole  is 
achieved.  The  condition  is  only  0.0005"  in  magnitude 

at  its  mouth  and  is  assessed  no  detriment  to  overall  hole 
quality. 

4.  Holes  #4,  19  and  #26  exhibit  very  slight  bellmouth  condi¬ 
tions  but  are  well  within  the  tolerance  criterion  establish¬ 
ed  per  Engineering.  Center-seeking  of  the  reamer  is  assessed 
the  cause  for  the  bellmouth/taper  feature. 

5.  All  of  the  features  noted  in  items  III.A.l  through  III. A. 4 
are  considerably  slight  as  departures  from  truly  cylindrical 
holes  and  are  assessed  per  analysis  as  very  good  hole  speci¬ 
mens.  The  use  of  assist  tooling  for  stabilizing  the  power- 
head,  reamer  and  operator  is  apparent  in  the  data  and  the 
overall  quality  of  this  series  of  holes  is  very  good.  The 
fact  that  all  of  the  holes  are  within  tolerance  attest  to 
the  craftsmanship,  skill  and  knowledgeable  use  of  tooling. 

B.  Ovality:  Maxlmtan  recorded  ovality  within  the  set  occurred  at  Hole  #26 

and  discloses  a  valueof  0.000759"  on  the  45®  -  135°  axes  st  plane 
#1.  Ovality  is  slight  and  does  not  exceed  the  Engineering  to¬ 
lerance  criterion  and  is  the  product  of  the  bellmouth  feature  in 
this  hole. 

Ovality  was  not  a  cause  for  concern  on  this  set. Reference  to  the 
Individual  Hole  Computer  Printouts.  All  holes  are  extremely 
good  on  ovality  measurements,  (predominantly  less  than  0.0002"). 
None  of  the  holes  of  fhlssetexceeded  the  Engineering  criterion. 

C.  Perpendicularity:  Hole  size,  below  0.250"  diameter,  would  not  permit 

inspection  via  the  Angle/Azimuth  Gaging  Device;  there¬ 
fore  verification  of  perpendicularity  was  accomplished 
via  subsequent  inspection  of  the  head  to  countersink 
nesting  of  fasteners  in  the  structure.  The  holes  were 
normal  to  the  longitudinal  axis  of  the  holes  and  accept¬ 
able  to  established  Engineering  criterion  of  2o. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance  as  in¬ 

dicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 

F.  Bellmouthing:  Several  holes  of  thisset  exhibit  a  very  slight  bellmouth 

feature  at  the  start  vicinity  of  reaming.  Refer  to  narrative 
at  paragraph  III. A. 2  thru  III. A. 5  for  details. 
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G.  Hole  Texture: 


H.  Burrs: 


RlfllnSt  Scratches*  Chatter  Marks.  This  series  of  sped 

Mhimted  .  v.ry  good  tnMrlor  “JJ 
holes  revealed  a  very  shallow  angle 

of  the  125AA  mchlne  finish  criterion.  The  holes  were  In 

^ .S:d  S?Sht  wp.  .t  3X  ">•«  «"  “> 

chatter  marks  nor  vertical  scoring  In  this  set  of  holes. 

Deburrlng  was  satisfactorily  accomplished  per  the  normal  process 
plan  work  Instructions. 


I.  Surface  Finish: 


All  holes  of  this  set  exhibited  a  surface  finish  of  100  AA 
or  better.  Optical  Surface  comparator  was 
spectlon  and  the  sidewalls  were  smooth  and  shiny. 
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DRILL  METHOD  Q-3 
RANKING  NUMBER  9* 
HOLE  SIZE;  0.3770'70.3790" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  features  drilling  and  reaming  of  an 
Aircraft  Structural  Fin.  The  structure  is  a  very  heavy  machined 
fin  skin  whose  thickness  is  0.360"  in  the  area  subject  to  hole 
survey.  The  subject  hole  is  sized  by  Engineering  at  0.3770"/ 
0.3790". 

II.  SUMMARY; 

A.  Twenty-nine  C29)  holes  were  available  from  structures  provided  for 
survey.  The  method  of  production  featured  Quackenbuah  drilling  of 
preliminary  holes,  followed  by  Quackenbush  single  step  drill  and 
reaming  of  holes  to  their  final  Engineering  size,  utilizing  a  two 
(2)  fluted  "Dreamer."  The  Dreamer  is  a  combination  drill/reamer 
bit  whose  configuration  featured  a  3/4"  length  piloted  tip  and 
two  (2)  large  land  flutes  ground  to  incorporate  multiple  reamer 
cutter  edges  in  each  of  the  flute  lands.  The  Dreamer  was  sized  at 
0.3770"  diameter.  Measurement  data  was  accumulated  at  sixteen  (16) 
locations  within  each  hole  via  "thru-hole"  air  probe. 

B.  Reference  Elxecutive  Summary  by  Data  Lot.  This  set  discloses  a  ^ 
measurement  distribution  whose  arithmetical  average  is  0.377987" 
for  the  set  of  twenty-nine  (29)  holes.  This  value  is  an  excellent 
feature  since  it  resides  at  the  mid-point  of  Engineering  tolerance 
range.  All  of  the  holes  for  this  set  meet  the  Engineering  criteria. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes 
are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
very  good  holes; 

1.  Custom  designed  flxturing  ensures  interchangeability  and 
location  reliability. 

2.  Quackenbuah  drilling  method  produces  good  23/64"  diameter 
preliminary  holes  at  assembly. 

*  DRILL  METHOD  CODING;  Q-3  -  Quackenbush  -  One  Shot 

Quackenbush.  air  driven  power  unit  driving  piloted 
tip  "Dreamer" . 
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3. 


Quackenbush,  air  driven  power 
produces  excellent,  one  step 


unit  driving  piloted  tip  "Dreamer 
holes  to  their  final  Engineering 


II 


size* 


4.  Reaming  is  a  feature  of  the  combination  drill  and  reamer  bit 
used  in  item  #3  above. 


5.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements. 


III.  CHARACTERISTICS: 

A.  Hole  Size: 


464  data  measurements  were  accrued  for  the  series 
of  twmty-nltie  (29)  holes.  The  erltheietlcel  everege  for 
the  set,  0.377987".  1.  en  Ideel  f -J",,,... 
regard  to  the  Engineering  criterion  of  0.3770  /0.3790  . 
This  is  an  excellent  series  of  holes  on  sire. 


1.  Reference  to  Individual  Computer  Printout  discloses 
a  rather  rssnectable  overall  measurement  ran^ 
the  highest  to  lowest  reading  within  the  sixteen  (16) 
measurements  per  hole.  The  range  of  measurements  are 
as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000526" 

16 

0.000414" 

2 

0.000552" 

17 

0.000879" 

3 

0.000681" 

18 

0.000500" 

4 

0.000457" 

19 

0.000422" 

5 

0.000440" 

20 

0.000395" 

6 

0.000491" 

21 

0.000457" 

7 

0.000483" 

22 

0.000353" 

8 

0.000578" 

23 

0.000569" 

9 

0.000371" 

24 

0.000612" 

10 

0.000560" 

25 

0.000509" 

11 

0.000466" 

26 

0.000422" 

12 

0.000552" 

27 

0.000595" 

13 

0.000552" 

28 

0.000517" 

14 

0.000370" 

29 

0.000526 

15 

0.000474" 

Focus  onto  the  above  measurement  ranges  »«• 
the  purpose  of  drawing  attention  to  the  fact  that 
this  series  of  holes  would  have  been  perfect  had 
it  not  been  for  extremely  slight  enlargement  at 
the  vicinity  of  their  exit  planes  Induced  via 
chin  load  build-up. 


2. 


Eerence  Executive  Sunmary  by  Data  Lot.  The  range 
measurements  for  this  set  is  0.000948 
te  series  and  all  measurements  are  well  within  the 
Lerance  allowaM^s  of  0.3770"/0.3790".  Individual 
le  computer  Printout  discloses  the  range  of  measure 
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ments  to  be  very  good.  Only  three  (3)  holes  sll^tly 
exceeded  0.0006”  total  ranges  and  are  displayed  as 
follows  in  Increasing  order  of  magnitude: 


Hole  #  Range 

24  0.000612" 

3  0.000681" 

17  0.000879" 


3  Reference  to  Individual  Hole  Histograms  reveal  an 

excellent  dispersion  of  data  elements  populated  abwt 
the  mid-range  of  the  hole  tolerance  zone.  A  Normal 
Gauslan  Distribution  representative  of  this  data  is 
suggestive  of  tools,  personnel  and  processes  function¬ 
ing  in  complete  harmony. 


Reference  Executive  Sunmary  Histogram. 

The  data  population  is  excellent  and  crowds  the  mid- 
range  of  the  tolerance  zone.  Again,  as  per  the  Indlvl 
dual  Hole  Histograms,  a  Normal  Gauslan  Distribution 
is  evident  signifying  controlled  hardware  processing. 


n  ovalitv  Maximum  recorded  ovality  within  the  set  occurred  at  Hole 
#17  and  discloses  a  value  of  0.000741"  at  plane  level  #1 
on  the  0®-90®  axes.  Enlargement  at  the  entrance  plane 
of  measurements  most  probably  is  the  result  of  drill 
grab"  at  its  start  into  the  hole.  The  magnitude  is 
well  within  the  Engineering  tolerance  criterion  and  is 
not  a  detracting  feature  for  hole  quality.  It  disappears 
at  its  next  plane  of  measurements. 

Ovality  was  not  a  cause  for  concern  on  this  set.  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  extemely  good  on  the  ovality  measurements.  N**® 
of  the  holes  of  this  set  exceeded  the  Engineering  Criterion. 

r  Peroendicularity:  Heavy  fixturing  assures  perpendicularity  of  the  holes 
C.  Perpendicularity.  structure.  This  series  of  holes  were 

checked  by  gaging  with  a  lOX  magnification  Azlmuth/Angle 
Gaging  Device.  The  holes  were  verified  to  be  normal 
(90°)  to  the  longitudinal  axis  of  the  holes  with  regard 

to  the  skin  outside  moldline.  ^  -r  ,.v. 

The  holes  are  back- spot  faced  on  the  Inboard  side  of  the 
skin  to  maintain  a  parallel  condition  to  the  skin  outer 
aiiT^^Ace  mo  Idling  • 


D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 
as  indicated  by  profile  analyses. 
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E.  Barrelling:  None  existent  as  evidenced  by  profile  analyses. 

F.  Be llnou thing:  This  is  the  most  predominant  geometric  feature  of 

these  holes.  The  bellmouth  condition  is  extremely 
slight  and  is  apparent  generally  in  the  vicinity  of  the 
exit  planes  of  the  holes.  This  feature  along  with  its 
representative  hole  examples  is  addressed  in  the  narrative 
per  item  III.A.l. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of  holes 

exhibited  a  very  good  interior  wall  texture.  There 
were  no  perceptible  rifling  traces  on  the  hole  side- 
walls  when  .nspected  by  Sight  Pipes  at  3X  magnification. 
There  were  no  chatter  otarks  nor  vertical  scoring  in 
these  holes. 

H.  Burrs:  This  structure,  drilled  and  reamed  throu^  one  (1) 

solid  flange  was  deburred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  eidiibited  a  surface  finish 

of  approximately  "63  AA".  Optical  surface  comparator 
was  used  in  this  inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  -  Q1 


RANKING  NUMBER  10  * 
HOLE  SIZE  0.312"/0.319" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  feature  drilling  and  ream¬ 
ing  of  the  Rear  Spar  Upper  Attach  Fitting.  The  struc¬ 
ture  is  an  aluminum  forging  whose  thickness  is  0.310" 
at  the  area  to  be  drilled  and  reamed.  The  subject  hole 
is  sized  by  Engineering  at  0.312"/0.319". 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  Inspection.  The  method  of  production  utilized 
custom  fixtaring  to  assure  hole  location.  Ho.es  were 
drilled  by  Quackenoush  airpowered  drill  with  automatic 
feed  but  non-automatic  retract.  Drilling  was  followed 
by  hand-held  air  feed  drill  motor  powering  a  piloted 
reamer.  The  fitting  was  reamed  while  still  housed  in 
the  assembly  fixture.  Inspection  measurements  were 
obtained  by  "thru-hole"  air  probe.  Hole  drilling  and 
reaming  is  a  combination  of  custom  tooling  for  drilling 
and  hand  reaming. 

B.  These  holeo  are  an  excellent  example  of  tools,  process 
and  operator  skill  performing  in  harmony.  All  holes 
within  this  set  are  well  within  the  tolera;  ce  spread 
established  by  Engineering  and  average  overall  toward 
the  hole  low  limit,  a  desirable  feature.  Owing  to  the 
thickness  of  the  hardware  being  surveyed  three  (3) 
planes  of  measurements  were  possible.  Addlt  ..onally, 
four  (4)  hole  diameter  measurements  were  taken  in  each 
plane  at  axes  defined  0  ,  45  ,  90  and  135  .  Upon 
completion  of  this  set,  348  measurements  had  been 
recorded  and  stored  for  computer  analysis  and  printout. 

*  DRILL  METHOD  CODING;  Q-1  »  Quackenbush  -  Hand-held  Air 

Power  Reamer 

Quackenbush  air  powered  drill  w/automatlc  feed  but  non- 

automatic  retract.  Hand-held  air  feed  drill  for  reaming. 
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Refer  to  the  "Executive  Summary  Printout".  The  Histo¬ 
gram  reveals  a  Normal  Gausian  Distribution.  The  data, 
grouped  tightly  together,  reveals  that  all  factors, 
tools,  process  and  operator  are  contributing  to  and 
resulting  in  excellent  hole  production. 

C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  excellent  holes: 

1.  Custom  designed  fixture  ensures  interchangeability 
and  location  reliability. 

2.  Quackenbush  drill  method  and  accessories  producing 
good  holes. 

3.  Hand  held  air  powered  drill  motor  utilizing  a  pi¬ 
loted  reamer  produces  good  final  sizing  of  this 
set  of  holes. 

4.  Planning  is  adequate  to  ensure  model  and  serial 
number  traceability  for  assembly  but  is  too  abbre¬ 
viated  to  provide  other  than  "Go"/"No-Go"  gaging 
acceptance  on  holes. 

III.  CHARACTERISTICS: 


A.  Hole  Size;  All  holes  were  within  the  allowable  Engin¬ 

eering  criterion  of  0. 3l2"/0. 319" . 

Holes  were  individually  excellent  on  size 
with  the  average  of  all  348  recordings  be¬ 
ing  0.313338".  Only  0.001060"  separated 
the  highest  recording  (0.313931"  at  Hole 
//16)  from  the  lowest  recordin''  (0.312871" 
at  Hole  (/lO). 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  was 

0.000293"  at  Hole  #15.  It  occurred  to  the 
exit  side  of  the  hole.  Cause  of  the  slight 
ovality  is  extremely  subtle  breakout  loading 
on  the  hole. 

C.  Perpendicularity:  All  holes  within  this  set  were  nor¬ 

mal  to  the  longitudinal  axis  of  the 
hole  with  regard  to  the  machined 
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III.  C.  (Continued) 

face  (.inter-face  surface)  .  Perpendicularity  was  ver¬ 
ified  to  be  zero  degrees  (0°)  when  measured  with  the 
lOX  magnification  Azimuth/Angle  Gaging  Device. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by  the 
profile  analyses. 

E.  Barrelling:  None  evident  as  indicated  by  the  profile 

analyses. 

F.  Bellmouthing:  None  evident  as  indicated  by  the 

profile  analyses. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
Interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes. 

H.  Burrs:  This  set  of  holes  was  drilled  and  reamed 

through  one  solid  flange  and  was  de- 
burred  satisfactorily  in  the  normal 
process  plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  sur¬ 

face  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth  and 
shiny. 


! 

I 

> 

1 

i 
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DRILL  METHOD  SE 
RANKING  NUMBER  11  * 
HOLE  SIZE:  0. 246’70. 250" 


I.  OVERVIEW! 

A.  This  set  of  survey  holes  features  Spacematlc  drilling, 
cold-work  spllt-sleeve/mandrel  expansion  and  final  hand 
reaming  of  holes  Iri  a  Center  Wing  Lower  Surface,  along 
the  Center  Spar.  The  structure  is  an  all  aluminum 
stack  consisting  of  the  lower  surface  wing  skin  panel 
and  the  center  spar  cap.  The  approximate  thickness 
in  the  area  surveyed  was  0.60". 

The  subject  hole  is  sized  by  Engineering  at  0.235"/0. 238" 
as  the  starting  hole  for  cold-working  per  specification 
and  the  final  ream  size  at  0. 246"/0. 250"  per  Speci¬ 
fication. 

The  assembly  of  the  center  wing  structure  was  controlled 
by  a  very  good  individually  serialized  manufacturing 
Log  Plan.  Instructions  were  clear  and  concise  for  work 
tasks  and  Inspection;  Including,  mandatory  AFQA  inspec¬ 
tion  points. 

Assist  tooling  such  as  hand-held  stand-off  reamer  guide 
bushing  to  stabilize  hand-held  air  motors,  reamer  and 
the  technician  during  the  duty  cycle  of  reaming  was 
used.  In  addition,  a  siphon  fed  air-mist  coolant  system 
is  employed  during  drilling/reaming  to  obvious  and  pro¬ 
duct  quality  advantage.  The  location  of  the  holes  of 
this  set  were  selected  purposely  for  their  disadvantaged 
location  behind  a  tooling  post  on  the  assembly  fixture 
to  compare  final  hole  quality  to  that  of  subsequent 
lots  of  holes  in  more  accessible  areas. 

*  DRILL  METHOD  CODING:  SE  -  Spacematlc  with  Expansion 
Spacematlc  drilling,  cold-work  split  sleeve/mandrel 
expansion.  Final  hand  reaming. 
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Page  2 


II.  SUMMARY 


A.  Reference  Executive  Histogram  by  Data  Lot.  The  data 
population  for  this  set  is  densely  situated  about  the 
0.2470"/0.2472"  zone  of  the  overall  G.246'70.250"  tol¬ 
erance  band.  The  data  elements  exhibit  a  Bimodal 
Gauslan  Distribution  that  is  significant  in  concluding 
a  manufacturing  sequence  where  the  tools,  process  and 
personnel  are  functioning  harmoniously  and  yield  a 
quality  end  product. 

Twenty-nine  (29)  holes  were  available  in  this  struc¬ 
ture  for  survey  inspection.  All  of  the  holes  of  this 
set  meet  the  established  Engineering  criterion.  Ref¬ 
erence  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.247200"  for  the  series  of  twenty-nine  (29) 
holes.  This  value  is  excellent  since  it  resides  at  the 
low  limit  vicinity  of  the  tolerance  range.  The  affect 
of  adequate  and  proper  use  of  tooling  and  craftsman¬ 
ship  are  apparent  in  this  set  of  holes. 

Specific  discussion  on  the  geometric  characteristics 
of  the  holes  are  discussed  in  paragraph  III  along  with 
rationale  disclosures  on  overall  quality. 

B.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provide  composite  clues  traceable  to  the  following: 

1.  Spacematlc  preliminary  holes  are  being  satisfact¬ 
orily  produced  to  specification  tolerance  as  start¬ 
ing  holes  for  subsequent  cold-working. 

2.  Hand-held  air  powered  drill  motor  driving  a  piloted 
tip  reamer  produces  very  good  final  holes  per  0.246"/ 
0.250"  tolerance  criterion. 

NOTE:  Reamer  is  a  six  fluted  long  shank  piloted 

tip  reamer  sized  at  0.2375"  (tip)  and  0.2470" 
(shank) . 

3.  The  affect  of  a  hand-held  stand-off,  reamer  guide 
bushing  tool  to  assist  in  stabilizing  the  reamer 
and  powerhead  is  apparent  in  the  shape  and  quality 
of  the  final  holes. 
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4.  Periodic  inspections  prior  to  the  final  hole  in¬ 
fection  as  directed  by  the  Log  Planning  is  a  sig¬ 
nificant  factor  in  determining  specification  com¬ 
pliance  and  final  hole  quality. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  1044  data  measurements  were  accrued  from 
the  twenty-nine  (29)  holes  comprising  this  set.  Ref¬ 
erence  "Executive  Summary  by  Data  Lot"  discloses  an 
arithmetical  average  of  0.247200"  which  is  excellent 
for  the  set  and  is  reflected  in  the  quality  of  the  holes 


An  extremely  slight  bellmouth  characteristic  is  the 
only  geometric  feature  departing  from  otherwise  ex 
cellent  cylindrical  holes. 

All  of  the  specimens  conform  to  the  tolerance  criter¬ 
ion  established  by  Engineering. 


1.  Seven  (7)  holes,  identified  Hole  #6,  13,  lA,  19, 

20,  24  and  #27  are  nearly  perfect  speciments.  Less 
than  0.0003"  variation  exists  in  the  series  of 
thirty-six  (36)  measurements  recorded  for  each 
individual  hole. 

Reference  Individual  Hole  Computer  Printouts.  The 
range  of  measurements  for  the  above  holes  were  re¬ 
corded  as  follows: 


Center  Wing 


Hole 

#  Range 

Hole  # 

Range 

6 

0.000069" 

20 

0.000216' 

13 

0.000138" 

24 

0.000233 

14 

0.000293" 

27 

0.000267 

19 

0.000199" 

Holes  #14,  24  and  #27  reveal  an  exceedingly  slight 
"spur"  in  the  vicinity  of  the  top  portion  of  the 
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holes  which  most  probablv  is  a  result  of  chip  load 
irregularity.  It  is  not  considered  a  detriment  to 
hole  quality  and  is  not  perceptible  via  visual  in¬ 
spection  of  the  specimens  at  3X  magnification. 


Nine  (9)  holes,  identified  Hole  7,  10,  12,  17, 

18  21,  22  and  //23  are  virtually  the  same  as  item 

//I ’above  except  that  all  of  these  specimens  ex¬ 
hibit  a  bellmouth  feature  at  either  their  entrance 
or  exit  vicinities  of  the  holes.  The  characteristic 
is  extremely  slight  and  where  it  “^^urs  at  the 
entrance  to  the  hole  (//7,  18,  21,  22  and  #23) 
is  suggestive  of  center-seeking  of  the  reamer. 

The  feature  is  insignificant  and  not  considered 
a  detriment  to  overall  hole  quality.  On  the  speci¬ 
mens  where  the  feature  occurs  at  the  exit  plane  of 
the  hole  (#5,  10,  12  and  #17),  the  most  probable 
cause  is  chip  build  up  from  the  start  of  coolant 
starvation  during  the  duty  cycle  of  reaming.  The 
magnitude  of  the  characteristic  is  extremely  small, 
at  less  than  0.0005”  and  is  therefore  no  cause  for 
concern  on  hole  quality  degradation. 


3. 


Holes  #16  is  the  largest  hole  of  the  set  and  re¬ 
corded  its  greatest  measurement  at  O.Z4«bH4  . 
Reference  Individual  Hole  Computer  Printout  reveals 
the  feature  to  be  a  result  of  side-loading  by  the 
operator  during  the  reaming  duty  cycle.  The  char¬ 
acteristic  is  predominant  along  the  lower  portion 
of  the  90°  and  135°  Axes.  Accidental  tipping/ 
roll-over  of  the  hand-held  reamer  guide  bushing 
most  probably  resulted  in  the  enlargement  of  the 
hole  along  the  90-135  Axes. 


loles  #2  exhibits  an  enlargement  along  its  45  and 
10°  Axes,  but  remains  within  the  allowable  Engin- 
iering  tolerance.  The  most  probable  cause  for  the 
idjacent  axis  lobing  is  side-loading  during  reaming, 
jossibly  due  to  the  inaccessible  location  of  the  hole. 


5  All  of  the  features  noted  in  items  III.A.l  through 
III. A. 4  are  considerably  slight  as  a  departure  from 
a  truly  cylindrical  hole.  This  series  of  holes 
were  selected  for  measurement  and  profile  analysis 
owing  to  the  fact  that  they  are  predominately 
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behind  a  fixture  post  and  were  more  difficult  to 
approach  from  an  accessibility  standpoint.  Regard¬ 
less,  the  use  of  assist  tooling  for  stabilizing  the 
powerhead,  reamer  and  operator  is  apparent  in  the 
data.  The  overall  quality  of  this  series  of  holes 
is  very  good.  The  fact  that  all  of  the  holes  are 
within  tolerance  attest  to  the  craftsmanship, 
skill  and  knowledgeable  use  of  tooling. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  //16  and  discloses  a  value  of  0.001241" 
on  the  0°  -  90°  axes  at  plane  #7 .  Ovality  is  slight 
and  does  not  exceed  the  Engineering  tolerance  criterion 
and  is  the  product  of  the  side-load  feature  in  this 
hole . 

Ovality  was  not  a  cause  for  concern  on  this  set.  Ref¬ 
erence  to  the  Individual  Hole  Computer  Printouts.  All 
holes  are  extremely  good  on  ovality  measurements,  (gen¬ 
erally  less  than  0.0004").  None  of  the  holes  of  this 
set  exceeded  the  Engineering  criterion. 

C.  Perpendicularity:  Hole  size,  below  0.250"  diameter, 
would  not  permit  Inspection  via  the  Angle /Azimuth 
Gaging  Device;  therefore  verification  of  perpendic¬ 
ularity  was  accomplished  via  subsequent  inspection  of 
the  head  to  countersink  nesting  of  fasteners  in  the 
structure.  The  holes  were  normal  to  the  longitudinal 
axis  of  the  holes  and  acceptable  to  established  Engin¬ 
eering  criterion  of  2  . 

D.  Straightness:  Straightness  is  within  Engineering  design 
tolerance  as  indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 

F.  Bellmuuthing:  Evident  in  very  minute  and  subtle  amounts 
as  indicated  by  holes  referenced  in  III.A.l  thru  III. A. 5 
narrative. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This 
series  of  specimens  exhibited  a  very  good  interior  wall 
texture.  Several  holes  revealed  a  very  shallow  angle 
rifling,  not  in  excess  of  the  125AA  machine  finish 
criterion.  The  holes  were  inspected  via  Sight  Pipe  at 
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3X  magnification.  There  were  no  chatter  marks  nor 
vertical  scoring  in  this  set  of  holes. 

H.  Burrs;  Deburrlng  was  satisfactorily  accomplished  per 
the  normal  process  plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 
surface  finish  of  100  AA  or  better.  Optical  Surface 
comparator  was  used  in  inspection  and  the  sidewalls 
were  smooth  and  shiny. 
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3X  magnification.  There  were  no  chatter  marks  nor 
vertical  scoring  In  this  set  of  holes. 

H.  Burrs:  Deburrlng  was  satisfactorily  accomplished  per 
the  normal  process  plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 
surface  finish  of  100  AA  or  better.  Optical  Surface 
comparator  was  used  In  Inspection  and  the  sidewalls 
were  smooth  and  shiny. 


DRILL  METHOD  Q-2 

ranking  number  12  * 

HOLE  SIZE:  0.199'70.202" 


I. 


OVERVIEW: 

This  set  of  production  holes  features  drilling  “ 

Drag  Brace  Assembly.  The  structure  Is  a 
ateel.  aluminum  and  titanium  member,  whose 

area  to  be  surveyed  Is  approximately  0.75  .  The  suDjecc  noic 
is  sized  by  Engineering  at  0.199"/0.202"  for  Installation  of  Huck  Blind 

Bolts. 


Drill: 
Reamer : 
Motor: 
Coolant : 


0.1908:  diameter,  #A5 1X20170-1 
0.1998"  diameter,  #A51X40069-1 
QDP-15APB,  3/8"  Jacobs  Chuck 
555  Crystal  Cut  @10:1  Water  Mix 


Info:  Drilling  and  reaming  were  performed  in  the  direction 
of  the  steel  member  through  to  the  titanium  Parts. 
Inspection  utilizes  plug  "Go"  and  blade  No-Go 
aAoino  method . 


II.  SUMMARY: 

A  Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey 
Inspection.  The  method  of  production  utilized  a  heavy 
Plate  Integral  to  the  nacllle  drag  brace  fixture  to 
locking  on  the  Quackenbush,  air  driven  drill  power  head.  ^ 

Crystal  St  555  coolant  and  air  were  used  as  * 

Holes  were  drilled  by  Quackenbush  to  a  preliminary  size 
Sd  followed  by  Quackenbush,  air  driven  drill  motor  and  0.1998 
^flotei  Jp  reL^to  achieve  the  final  hole.  Inspection  measure¬ 
ments  were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  ^Is  set  ‘^^®®q°200694" 
meas.,rement  distribution  whose  arlthmetiwl 
for  ih#  set  of  twenty-nine  (29)  holes.  This  value  is  “ 

teatut.  since  It  thls”set  «et  the  criterion 

«?euSVZihee^B  SP-lflc 

charscterlstlcs  of  the  holes  ere  discussed  at  paragraph  III. 

.  DMU.  method  CODING!  Q-2  -  Quackenbush  -  Air  Power.  ReaMr, 

Mechanical 

Quackenbush,  air  powered  drill  4  accesoory  tooling. 
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C,  The  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the 
production  of  very  good  holes: 

1.  Custom  desired  fixturing  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and 

produces  preliminary  holes  at  assembly  to  0.1908  sire. 

3.  Quackenbush.  air  powered  drill,  driving  a  piloted  re^r 
achieves  final  hole  size  per  Engineering  using  a  0.1998 
reamer. 

4.  Planning  is  very  good,  providing  adequate  work 

and  definition  of  inspection  requirements.  Plug  and  blade 
gages  are  employed  for  •'Go'7"No-Go"  Gaging  inspection. 


III.  CHARACTERISTICS: 


A.  Hole  Size: 


1044  data  entries  were  accrued  for  the 
series  of  twenty-nine  (29)  holes.  The  arithmetical 
average  for  the  set  la  0.200694”.  well  below  the 
0.2020”  higih  limit  per  established  Engineering 
Criterion.  This  is  an  excellent  series  of  holes 
on  size;  however,  a  "barrelled”  characteristic 
is  apparent  in  the  aluminum  part  which  is  sand¬ 
wiched  between  the  steel  and  titanium  members  at 
the  assembly  stack. 


Reference  Computer  Individual  Hole  Printout  dis¬ 
closes  an  excellent  range  distribution  of  hole 
measurements  considering  the  material  differences 
within  the  stack  and  the  depth  (0.75”)  of  the 
dr 11 led /reamed  holes. 


1.  The  spread  of  measurements  taken  at  thirty-six 
(36)  locations  within  each  hole  are  as  follows: 


Hole  # 

Range 

1 

0.000567” 

2 

0.000553” 

3 

0.000561” 

4 

0.000569” 

5 

0.000557” 

6 

0.000474” 

7 

0.000612” 

8 

0.000468” 

9 

0.000463” 

10 

0.000424” 

11 

0.000694” 

12 

0.000397” 

13 

0.000715” 

14 

0.000431” 

15 

0.000842” 

Hole  # 

Range 

16 

0.000440” 

17 

0.000267” 

18 

0.001026” 

19 

0.000500” 

20 

0.000509” 

21 

0.000495” 

22 

0.000374” 

23 

0.000763” 

24 

0.000422” 

25 

0.000405” 

26 

0.000406” 

27 

0.000500” 

28 

0.000483” 

29 

0.000466” 
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Note! 


Only  one  (1)  hole.  Identified  Hole  #18 
reached  a  range  spread  value  of  0.001". 

The  reader  is  reminded  of  the  fact  that 
the  ranee  of  measurements  for  each  hole 
includes  the  "barrelling"  feature  which 
is  present  in  the  aluminum  "sandwiched" 
detail  part. 

2.  Reference  Individual  Hole  Computer  Profiles. 

Hole  #2, #5, #7, #11  and  #l5  are  representative 
exaog>les  of  a  barrelling  in  holes.  It  is  not 
an  uncommon  feature  when  the  stack>up  exhibits 
steels  and/or  titanium  in  the  layup.  Titanium 
chip  migration  back  through  the  softer  aluminum 
causes  the  barrelled  condition  which  is  inherent 
in  most  of  the  holes  .  The  subject  holes 

Including  the  barrelled  condition  do  not  exceed 
the  tolerance  criterion  established  by  Engineering. 

3.  Individual  Histograms  disclose  a  relatively  Normal 
Gauslan  Distribution  on  the  measurement  population 
and  all  are  grouped  in  the  vicinity  of  the  mld>point 
tolerance  range.  The  Executive  Histogram  for  the 
entire  data  set  discloses  two  peak  areas.  Responsi¬ 
bility  for  the  peak  shift  is  geometry  changes  in  the 
assembly  owing  to  taper  in  the  material  stack  per 
Engineering  design. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at 

Hole  #18  rad  recorded  at  0.000819"  at  Level  #9  on 
the  0®-90°^axes.  This  value  is  negligible  to  hole 
quality  since  it  does  not  exceed  the  tolerance  per¬ 
mitted  by  Engineering.  This  ovality  spike  most 
probably  resulted  from  coolant  starvation  and  chip 
build-up  Just  prior  to  exiting  the  hole.  There  are 
no  other  holes  of  the  set  featuring  this  condition. 

Ovality  was  not  a  cause  for  concern  on  this  set. 

Reference  to  Individual  Hole  Con^uter  Printout 
discloses  all  holes  to  be  extremely  good  on  the 
ovality  measurements.  None  of  the  holes  of  this  set 
exceeded  the  Engineering  Criterion. 

C.  Perpendicularity:  Hole  sise,  0.199"/0.202"  would  not  permit  inspec¬ 

tion  via  the  Angle/Aslmuth  Gaging  Device, 

therefore  verification  of  perpendicularity  was  verified 

by  sample  fastener  installation  and  head  gap  inspected. 

The  holes  were  normal  to  the  longitudinal  axis  of  the 
holes  and  acceptable  to  established  Engineering  Criterion. 

D.  Strai^tness:  Straightness  is  within  Engineering  design  tolerance  as 

indicated  by  profile  analyses. 
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E.  Barrelling: 


F.  Be  llmou  thing: 


G.  Hole  Texture: 


H.  Burrs: 


I.  Surface  Finish 


A  subtle  "barrelling"  feature  Is  Inherent  In  all  holes 
of  this  series;  however,  none  of  the  holes  of  this  set 
exceed  the  Engineering  tolerance  as  a  result  of  their 
barrelled  feature.  This  characteristic  is  an  antici¬ 
pated  feature  when  alunlnum  is  "sandwiched"  in  the 
lay-up  between  steels,  titanium  and/or  other  substan¬ 
tially  harder  materials.  Refer  to  Individual  Computer 
Profile  Printout  and  Axis  Measurements  for  the  magni¬ 
tude  of  the  barrelled  conditions.  Refer  also  to  item 
III.A.l  and  III.A.2  for  related  information. 

None  evident  per  profile  analyses.  The  stacking 
arrangement  of  the  detail  parts  eidiiblting  steel  and 
titanium  as  their  outer  laminates  is  a  deterrent  to 
the  formation  of  bellmouthlng  when  accompanied  by 
heavy  flxturing  and  sharp,  well  maintained  accessory 
tools. 

Rifling,  Scratches,  Chatter  marks.  This  set  of  holes 
exhibited  a  very  good  interior  wall  texture.  There  were 
no  perceptible  rifling  traces  on  the  hole  sidewalls 
when  inspected  by  Slg^t  Pipes  at  3X  magnification. 

There  were  no  chatter  narks  nor  vertical  scoring  in 
these  holes. 

This  set  of  holes  was  drilled  through  a  laminated  stack 
and  was  deburred  satisfactorily  in  the  normal  process 
plan  work  instructions. 

:  All  holes  of  this  set  exhibited  a  surface  finish 
of  approximately  "63  Aa".  Optical  surface  comparator 
was  used  in  this  Inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  Q-3 
ranking  number  13  * 
HOLE  SIZE;  0.564 5”/ 0.5675'' 


I.  OVERVIEW; 

A  This  set  of  production  holes  features  a  one  (1)  operation  drill 

II.  SUMMARY; 

r"2t^ir  ^^hi  mertod^orprodic^Jon  fea^uied'JuickenbusrsP^r 

1 /rpamer  bit  whose  configuration  featurea  a  j/**  ^ 

tip  and  two  (2)  large  land  flutes  ground  to  incorporate 
«Ler  citter  edges  in  each  of  the  flute  lands.  The  Dreamer  was 
sized  at  0.5645"  diameter.  Measurement  data  was  accumulated 
twenty-eight  (28)  locations  within  each  hole  via  thru-ho 

probe . 

B  Reference  Executive  Summary  by  Data  Lot.  This  set 
“■  distribution  »*>-,« 

T't"''  f  ir“S«  :t‘  ;l  !^ln?o?  E«ln;-L?,nce 

'“r.  S  of^hl  holr.  “t'Jhl.  .«  «..t  the  Engineering  orlterle. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes 
are  discussed  at  paragraph  III. 

'■  ~ '.•E'srss.'u-r  ,;:u!S 

very  good  holes; 

1.  Custom  designed  fixturing  ensures  interchangeability  and 
location  reliability. 

■■  s£ri.:!-"=  r:Kr*r.="' 

size. 

3.  Reanlng  1.  •  feeture  of  the  co.bln.tlon  drill  end  reamer  bit 
..Odwl  In  item  #2  above. 


DRILL  METHOD  CODING:  Q-3  -  Quackenbush  -  0"®  Shot 
Quackenbush,  air  driven  power  unit  driving  pilote 

tip  "Dreamer".  218 


4.  Planning  is  very  good,  providing  adequate  work  Instructions 
and  definition  of  Inspection  requirements. 

III.  CHARACTERISTICS; 

A.  Hole  Size:  812  data  measurements  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average  for 
the  set,  0.565673",  la  an  Ideal  characteristic  In 
regard  to  the  Engineering  criterion  of  0.5645"/0.5675". 
This  Is  an  excellent  series  of  holes  on  size.  Reference 
to  Coaq>uter  Individual  Hole  Printout  discloses  the 
following: 

1.  Six  (6)  holes  are  nearly  perfect  with  their  spread 
of  twenty-el^t  (28)  measurements  per  hole  having 
recorded  less  than  0.0004"  variation  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000379" 

12 

0.000328" 

3 

0.000371" 

18 

0.000276" 

11 

0.000371" 

23 

0.000293" 

2.  Arbitrarily  Increasing  the  range  spread  to  allow  a 
total  range  spread  of  less  than  0.0006"  permits  entry 
of  sixteen  (16)  additional  specimens  into  the  select 
category  of  excellent  holes.  Their  Identification 
and  range  spread  values  are  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

2 

0.000517" 

16 

0.000526" 

4 

0.000405" 

19 

0.000552" 

5 

0.000526" 

20 

0.000448" 

6 

0.000526" 

22 

0.000560" 

9 

0.000569" 

24 

0.000500" 

13 

0.000431" 

26 

0.000552" 

1/ 

0.000405" 

27 

0.000569" 

15 

0.000517" 

28 

0.000466" 

Reference 

Executive  Sunmary  by  Data  Lot 

.  The  range 

of  measurements  for  this  set  Is  0.001328"  as  an  aggregate 
series  and  all  measurements  are  well  within  the 
tolerance  allowables  of  0.5645"/0.5675".  Individual 
Hole  Computer  Printout  discloses  the  range  of  measure¬ 
ments  to  be  very  good  with  the  maximum  value  at  0.000776" 
occurring  within  Hole  #8. 

Only  three  (3)  holes  of  the  set  exhibited  range  values 
at  the  0.0007"  figure.  They  are  displayed  as  follows 
in  Increasing  order  of  magnitude: 
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B.  Ovality: 


Hole  Range 

17  0.000716" 

21  0.000733" 

8  0.000776" 

4.  Reference  Individual  Hole  Computer  Printouts. 

The  only  geometric  characteristic  detracting  from 
otherwise  excellent  holes  Is  Identified  by  analysis 
as  chip  spurs  and  chip  load  occurring  Inside  the 
holes.  The  features  are  extremely  subtle  and  not 
discernible  except  via  Hole  Profile  Printout. 

a.  Representative  examples  of  chip  spurring  are 
exhibited  by  Holes  #8, #9, #16, #17  and  #25.  The 
spikes  are  evident  generally  deep  Inside  the 
affected  holes  and  at  varying  measurement  levels. 
Refer  to  plane  levels  #4  and  #5  for  Hole  #1  dis¬ 
closure.  These  spike  traces  occur  slmllst ly  at 
the  other  referenced  examples  but  at  varying  levels 

b.  Representative  examples  of  chip  load  build-up 
hole  enlargement  are  exhibited  by  Holes  #7, #10, 

#16, #19  and  #28.  The  "bulges"  resulting  from 
chip  build-up  express  themselves  as  barrelling 
Inside  the  holes  via  data  analysis.  Refer  to 
the  Individual  Hole  Profiles  for  graphic  evidence 
of  this  phenomenon.  At  worst  case,  the  feature 

Is  very  subtle  as  evident  in  the  measurement  traces 
of  the  holes,  their  range  spread  and  profiles  which 
are  expressed  as  diameter  variations. 

5.  Reference  to  Individual  Hole  Hlstograois  reveal  an 
excellent  dispersion  of  data  elements  populated  about 
the  mid-range  of  the  hole  tolerance  aone.  A  Normal 
Gauslan  Distribution  representative  of  this  data  is 
suggestive  of  tools,  personnel  and  processes  function¬ 
ing  In  complete  harmony. 

Maximum  recorded  ovality  within  the  set  occurred  at  Hole 
#29  and  discloses  a  value  of  0.000647"  at  plane  level  #7 
on  the  45°-135°  axes.  Enlargement  at  the  exit  plane  of 
measurements  most  probably  is  the  result  of  irregular 
breakout  occurring  at  the  completion  of  drill/reaming. 

The  magnitude  is  well  within  the  Engineering  tolerance 
criterion  and  Is  not  a  detracting  feature  for  hole  quality. 

Ovality  was  not  a  cause  for  concern  on  this  set.  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  oe  extremely  good  on  the  ovality  measurements.  None 
of  the  holes  of  this  set  exceeded  the  Engineering  Criterion 
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C.  Perpendicularity:  Heavy  flxturlng  assures  perpendicularity  of  the  holes 

with  regard  to  the  structure.  This  series  of  holes  were 
checked  by  gaging  with  a  lOX  magnification  Azimuth/Angle 
Gaging  Device.  The  holes  were  verified  to  be  normal 
(90°)  to  the  longitudinal  axis  of  the  holes  with  regard 
to  the  drllled/reamed  wing  root  forging  structure. 

D.  Strai^tness:  Straightness  is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  This  feature  along  with  its  representative  hole  examples 

is  addressed  in  the  narrative  per  item  111. A. 4. b. 

F.  Bellmouthing:  None  existent  as  evidenced  by  profile  analyses. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of 

holes  exhibited  a  very  good  interior  wall  texture. 

There  were  no  perceptible  rifling  traces  on  the  hole 
sidewalls  when  Inspected  by  Si^t  Pipes  at  3X  magnifica¬ 
tion.  There  were  no  chatter  marks  nor  vertical  scoring 
in  these  holes. 

H.  Burrs:  This  structure,  drilled  and  reamed  through  one  (1)  solid 

flange  was  deburred  satisfactorily  in  the  normal  process 
plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish  of 

approximately  ”63  AA”.  Optical  surface  comparator 
was  used  in  this  inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  14  * 
HOLE  SIZE:  0.250"/0.253" 


I.  OVERVIEW! 

A.  This  set  of  production  holes  features  drilling  and  reaming  of  the 
Longeron  Installation,  Fuselage  Mid-Section. 

The  structure  Is  a  multilayered  stack  approximately  1.00"  thick  In 
the  areas  to  be  surveyed.  The  subject  hole  Is  sized  by  Engineering 
at  0.250'70.253"  for  Installation  of  KA8  (NAS1054-8)  HlShear  Rivets. 


Drill : 

Holes  1  through  17 

0.2344"  Diameter,  #P118891-1 

Reamer: 

0.2502"  diameter,  //P118892-1 

Motor: 

QDP-15APB,  3/8"  Jacobs  Chuck 

Coolant: 

HE-2  @10.1  Water  Mix 

All  parts 

In  the  stack  are  alumlum. 

Drill: 

0.2344"  diameter,  #P-195240-1  Coredrlll 

Reamer: 

0.2500"  diameter,  #P-118894-1 

Motor : 

QDP-15APB,  3/8"  Jacobs  Chuck 

Coolant : 

J-1  Brush  On 

Note:  Inspection  utilizes  plug  "Go"  and  blade  "No-Go 

gaging  method. 


*  DRILL  METHOD  CODING:  Q-2  •  Quackenbush,  Air  Power,  Reamer 

Mechanical 

Quackenbush,  air  powered  drill  &  accessory  tooling. 


222 


II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for  survey 
Inspection.  The  method  of  production  utilized  heavy  drill  plates, 
pinned  and  clamped  to  the  assembly  fixture  to  facilitate  locking 

on  the  Quackenbush,  air  driven  drill  power  head.  Hand  brush-on  and 
Squeeze  Bottle  HE -2  coolant  was  used  as  drlll/reamer  lubricant. 

Holes  were  drilled  by  Quackenbush  to  a  preliminary  size  of  0.2344" 
and  followed  by  Quackenbush,  air  driven  drill  motor  and  0.2500"/ 0.2502 
piloted  tip  reamer  to  achieve  the  final  hole.  Inspection  measure¬ 
ments  were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.250575" 
for  the  set  of  twenty-nine  (29)  holes.  This  value  is  an  ideal 
feature  since  It  resides  at  the  low-point  vicinity  of  the  Engineer¬ 
ing  tolerance  range.  ^  of  the  holes  of  this  set  meet  the  criterion 
established  by  Engineering.  Specific  discussion  on  the  geometric 
characteristics  of  the  holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
coiq>08lte  clues  traceable  to  the  following  for  the  production  of 
excellent  holes. 

1.  Custom  designed  flxturinij  fijaures  interchangeability  and  location 
reliability  of  the  basic  ^iracture. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling  produces 
preliminary  holes  at  assembly  to  0.2344"  size. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted  reamer  achieves 
final  hole  size  per  Engineering  using  a  0.2502"  reamer  for  Holes 
#1  through  #17  and  a  0.2500"  reamer  for  Holes  #18  throu^  #29. 

4.  Planning  is  very  good,  providing  adequate  work  instructions  and 
definition  of  inspection  requirements.  Plug  and  blade  gages  are 
eoqployed  for  "Go"/"No-Go"  Gaging  inspection. 

III.  CHARACTERISTICS; 

A.  Hole  Size;  1156  data  entries  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average 
for  the  set  is  0.250575",  well  below  the  0.2530"  high 
limit  per  established  Engineering  Criterion.  This  is 
an  exceptional  series  of  holes  on  size  and  other  geo¬ 
metric  characteristics  disclosed  via  computer  printout 
and  profiles. 

Reference  Computer  Individual  Hole  Printout  discloses  an 
excellent  range  distribution  of  hole  measurements  con¬ 
sidering  material  thicknesses  within  the  stack  resulting 
in  a  (1.00")  depth  for  the  drilled/reamed  holes. 
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1  The  spread  of  measurements  taken  at  forty  (40) 
locations  within  each  hole  are  as  follows: 


B.  Ovality; 


>le  # 

Range 

1 

0.000379” 

2 

0.000207” 

3 

0.000431" 

4 

0.000172” 

5 

0.000871” 

6 

0.000647” 

7 

0.000302” 

8 

0.000293” 

9 

0.000190” 

10 

0.000327” 

11 

0.000302” 

12 

0.000216” 

13 

0.000226” 

14 

0.000225” 

15 

0.000192” 

Hole  # 

Range 

16 

0.000263” 

17 

0.000203” 

18 

0.000345” 

19 

0.000302” 

20 

0.000345” 

21 

0.000483” 

22 

0.000233” 

23 

0.000319” 

24 

0.000198” 

25 

0.00O233” 

26 

0.000336” 

27 

0.000397" 

28 

0.000198” 

29 

0.000319 

Note; 


Only  two  (2)  holes,  identified  Hole  #5  and 
#6  exhibit  a  range  of  measurements  that 
exceeded  0.0005”  over  the  forty 
measurements  per  hole. 


Holes  #5  and  #6  exhibit  the  greatest  range  in  measure- 
i^irspread  at  0.000871”  and  0.000647”  --pect  vely. 
Additionally,  both  feature  a  bellmwth 
condition  that  is  unique  to  these  holes  only  when 
compared  to  the  other  holes  in  the  series. 

Both  holes  are  from  the  group  in  the  ^ 
material  stack-up.  Chip  build-up  load  and 
due  to  coolant  starvation  is  suspected  as  cause  ^r 
bellmouthing/taper  in  both  holes.  ^ 

stall  was  observed  on  the  opposite  hand  assembly  due 
to  coolant  omission;  thus,  it  is  the 
cause  for  the  sll^t  bellmouth  enlargement.  Both 
however,  including  the  slight  bellmouth,  are 
_ tolerance  established  by  Engineering. 


Individual  Hole  Histograms  disclose  a  Normal  Gauslan 
Distribution  on  measurement  population,  prwlding 
conclusive  evidence  of  process,  tooling  and  personnel 
performing  in  perfect  harmony. 

ixlmum  recorded  ovality  within  the  Set  occurred  Jto”°^®o 
“  and  recorded  at  0.000220”  at  Level  #3  on  the  45  -135 
Kes  This  value  is  negligible  on  hole  quality.  A 
eying  surface  interface  from  steel  to  aluminum  occurs 
/this  level  thus  resulting  in  an  ovality  enlargemen 


alitv  wcs  not  a  cause  for  concern  on  this  set.  Reference 
•iSvIdlarnole  computer  Printout  discloses  all  h^c. 

,  be  extremely  good  on  the 

'  the  holes  of  this  set  exceeded  the  Engineering  Criterion. 
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C.  Perpendicularity:  Heavy  fixturing  assures  perpendicularity  of  the 

holes  w\th  regard  to  the  structure.  This  series  of 
holes  were  checked  by  gaging  with  a  lOX  magnification 
Azimuth/Angle  Gaging  Device.  The  holes  were  verified 
to  be  normal  (90  ;  to  the  longitudinal  axis  of  the 
holes  with  regard  to  the  drilled/reamed  longeron  structure. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance  as 

Indicated  by  profile  analyses. 

E.  Barrelling:  None  existent  as  evidenced  by  profile  analyses. 

F.  Bellmouthlng:  On  the  all  aluminum  stack-up  holes,  Hole  #5  and  #6 

exhibit  a  sli^t  bellmouth  condition.  Reference 
individual  hole  computer  printout  for  profile  and 
magnitude.  Refer  to  item  III. A. 2  for  cause. 

On  the  steel/aluminum  holes  (Holes  #1 8  throu^  #29) , 

Holes  #21  and  #26  exhibit  an  extremely  slight  belltwjuth 
feature  at  the  top  of  the  hole  (steel  part).  On  these 
holes, bellmouthlng  is  so  slight  it  is  not  construed  by 
this  analysis  as  a  quality  defect  in  the  holes.  All  holes 
are  well  within  the  Engineering  tolerance. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of  holes 

exhibited  a  very  good  interior  wall  texture.  There  were 
only  slight  perceptible  rifling  traces  on  the  hole  side- 
walls  when  Inspected  by  Sight  Pipes  at  3X  magnification. 
There  were  no  chatter  marks  nor  vertical  scoring  in 
these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  through  a  laminated  stack 

and  was  deburred  satisfactorily  in  the  normal  process 
plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  approximately  "100  AA".  Optical  surface  comparator 
was  used  in  this  Inspection.  Surface  was  smooth  and 
shiny . 
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DRILL  METHOD  H-2 


RANKING  NUMBER  15  * 
HOLE  SIZE:  0.190'70. 194" 


1.  OVERVIEW; 


A.  This  set  of  production  holes  features  freehand  drilling  and 
reaming  of  the  Skin  Installation. 

The  structure  Is  all  aluminum  approximately  0.37"  thick  in  the 
area  being  surveyed.  The  subject  hole  Is  sized  by  Engineering 
at  0.190'70.194"  for  installation  of  3/16"  NAS  1581A3  fasteners. 

II.  SUMMARY; 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
survey  Inspection.  The  method  of  production  was  freehand  drill¬ 
ing  and  reaming.  Inspection  measurements  were  obtained  via  "thru- 
hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.190412" 
for  the  set  of  twenty-nine  (29)  holes.  This  value  is  an  excellent 
feature  since  It  resides  at  the  extreme  low  vicinity  of  the 
Engineering  tolerance  range.  All  of  the  holes  of  this  set  meet 
the  criterion  established  by  Engineering.  Specific  discussion  on 
the  geometric  characteristics  of  all  holes  are  discussed  at  para¬ 
graph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
excellent  holes; 

1.  Custom  designed  flxturing  ensures  Interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Freehand  air  powered  drilling  and  hand  held  drill  guide 
bushing  produces  very  good  preliminary  holes. 

3.  Freehand  reaming  using  a  piloted  reamer  and  handheld  guide 
bushing  results  In  excellent  final  sized  holes. 

4.  Planning  Is  very  good,  providing  adequate  work  instructions 
and  definition  of  Inspection  requirements.  Plug  "Go"/"No-Go" 
gaging  Is  employed  In  hole  Inspection. 

5.  Visual  aids  (Illustrated  assembly  breakdown  by  Bulkhead 
Fuselage  Station)  Is  an  Invaluable  asset  providing  a  visual 
reference  of  the  overall  assembly  concept  to  line  personnel. 

*  DRILL  METHOD  CODING;  H-2  -  Hand-held  drill  and  Reamer 
Freehand  air  powered  drilling  and  hand-held  drill  guide 
bushing;  freehand  reaming  using  a  piloted  reamer  and  hand-held 
guide  bushing.  29A 


III.  CHARACTERISTICS ; 

A.  Hole  Siee:  580  data  entriea  were  accrued  for  the  series  of 

holes.  The  arithmetical  average  for  the  set  Is  0.190412  , 
well  below  the  0.194"  hi^  limit  per  established  Engineer¬ 
ing  Criterion.  This  is  an  excellent  series  of  holes  on 
size  and  shape  features  especially  considering  the  fact 
that  all  operations  were  freehand.  The  most  predominant 
geometric  feature  traceable  to  the  method  of  production 
is  extremely  sllgjit  taper  and/or  bellmouth  at  the 
entrance  vicinities  of  several  holes  attributable  to 
center- seeking  on  the  reaming.  The  feature  exists  but 
is  well  within  the  tolerance  per  Engineering  Criterion. 

1.  Basic  hole  size  was  extremely  consistent  as  evidenced 
by  the  range  measurementa  of  the  set.  Range  also  is 
the  predominant  factor  in  determining  hole  shape  for 
this  set.  A  series  of  measurements  taken  at  twenty 
(20)  locations  within  each  hole  were  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000664” 

16 

0,000379” 

2 

0.000620” 

17 

0.000397” 

3 

0.000431” 

18 

0.000526” 

4 

0.000619” 

19 

0.000391” 

5 

0.000319” 

20 

0.000508” 

6 

0.000556” 

21 

0.000216” 

7 

0.000397” 

22 

0.000319” 

8 

0.000491” 

23 

0.000405” 

9 

0.000642” 

24 

0.000716” 

10 

0.000560” 

25 

0.000690” 

11 

0.000595” 

26 

0.000520” 

12 

0.000336” 

27 

0.000417” 

13 

0.000517” 

28 

0,000397” 

14 

0.000357” 

29 

0.000293” 

15 

0.000189” 

2.  Reference  item  III. A. I .  and  Individual  Hole  Computer 
Printouts.  Twelve  (12)  holes,  identified  Hole  #5, #7, 
llH2,#14.#15,#16,#17,#19,#21,#22,#28  and  #29  are 
nearly  perfect  specimens  whose  total  range  is  less 
than  0.000400”.  Operator  comfort  on  the  drlll/reamlng 
task  brou^t  about  via  flxturing  (the  structure  is 
approxiaiately  waist  high)  s®#  direction  of  drill/ 
reaming,  nearly  straight  down  the  gravity  vector 
is  definitely  an  asset  to  hole  quality  and  geometry. 
Operator  skill  must  also  be  recognized  as  a  factor 
to  hole  quality  on  this  set. 
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3.  Reference  item  III.A.l.  and  Individual  Hole  Computer 
Printouts.  Four  (4)  holes.  Identified  Hole  #3, #10, 

#26  and  #27  are  closely  related  to  nearly  perfect 
holes.  Slight  chip  spur  gouges  are  evident  per 
computer  data  inside  the  holes,  but  are  not  percept¬ 
ible  to  the  naked  eye  as  a  flaw  characteristic  In 
the  holes.  The  conditions  within  each  hole  are  well 
within  the  criterion  set  per  Engineering  tolerance. 

The  range  on  these  holes  was  recorded  at  0.000431", 
0.000560",  0.000520"  and  0.000417"  respectively. 

4.  Center-seeking  is  evident  In  Holes  #1, #2, #4, #6, #13, 

#18, #20, #23  as  exhibited  In  the  Individual  Hole 
Computer  Profile  Data.  It  Is  extremely  subtle  and 
considered  a  normal  phenomenon  on  freehand  drilling/ 
reaming  and  results  In  very  slight  bellmouth  and/or 
taper. 

5.  Side-loading  Induced  via  operator  Instability  Is 

also  a  normal  feature  expected  In  freehand  operations; 
however,  owing  to  the  Ideal  work  position  on  this  set, 
only  three  holes  identified  Hole  #8, #9  and  #11  disclose 
a  very  subtle  side- load  affect  and  range  variation  was 
only  0.000491",  0.000642"  and  0.000595"  respectively. 

6.  Reference  Individual  Hole  Histograms  generally  disclose 
a  Normal  Gausian  Distribution  with  the  data  populated 
closely  together.  The  "center ‘seeking"  feature 
described  In  1II.A.4.  is  accounfablt  for  the  data 
distribution  on  the  Executive  P  oanary  Histogram  for 
this  set  exhibiting  a  spread  covering  a  0.001000" 
range  between  0.190"  and  0.191".  This  ’jpread 
magnitude  Is  not  uncoi  non  i  freehand  operations 

such  as  In  this  set. 


B.  Ovality;  Maximum  recorded  ovality  within  the  set  occurred  at 
Hole  #6  and  recorded  at  0.000556"  at  Level  #1  on  the 
45®-135°  axes.  This  value  Is  negligible  and  does  not 
cause  quality  degradation  of  the  hole.  Ovality  was  a 
function  of  an  erratic  start  In  reaming  brou^t  about 
via  subtle  operator  side  load. 

Ovality  was  not  a  cause  for  concern  on  this  sec.  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  ovality  measurements.  None  of 
the  holes  of  this  set  exceeded  the  Engineering  Criterion. 


C.  Perpendicularity:  Holes  for  this  set  were  checked  by  gaging  with  lOX 
Azlmth/Angle  Gaging  Device  and  verified  to  be  normal 
(90;  to  the  longitudinal  axis  of  the  holes. 


D.  Straightness;  Straightness  Is  within  Engineering  design  tolerance 
as  Indicated  by  profile  analyses. 
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E.  Barrelling:  Non-existent  as  evidenced  by  profile  Analyses. 

F.  Bel Imou thing:  This  characteristic  has  been  addressed  per  narrative 

at  item  IIl.A.  and  III.A.4.  The  feature  is  extremely 
sli^t  and  does  not  violate  the  tolerance  criterion 
established  per  Engineering. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of 

holes  exhibited  very  good  interior  sidewall  texture. 
There  was  occasional  shallow  angle  rifling  perceptible 
on  several  holes  when  inspected  by  Siglit  Pipes  at  3X 
magnification.  There  were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed  at  asseiid>ly,  were 

satisfactorily  deburred  in  the  normal  process  plan  work 
instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  "lOOAA”  or  better.  Optical  Surface  Comparator  was 
used  in  this  inspection.  Surface  was  smooth  and  shiny. 
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DRILL  METHOD  Q-2 
RANKING  METHOD  16  * 
HOLE  SIZE;  0.250'V0.253" 


OVERVIEW; 

A.  This  set  of  production  holes  features  drilling  and  reaming  of  the 
Drag  Brace  Assembly.  The  structure  is  a  multi-layered  stack  of 
steel,  aluminum  and  titanium  members  whose  combing 
the  area  to  be  surveyed  is  approximately  0.75  .  The  subject  hole 
is  sized  by  Engineering  at  0.250'70.253"  for  installation  of  Huch 

Blind  Bolts. 


B. 

Drill;  0.23A4"  diameter,  #A51XA0289-1 

Reamer;  0.2508"  diameter,  #A5 1X20127-1 

Motor;  QDP-15APB,  3/8"  Jacobs  Chuck 

Coolant;  555  Crystal  Cut  @10:1  Water  Mix 

Info:  Drilling  and  reaming  were  performed  in  the 

direction  of  the  steel  member  through  to  the 
titanium  parts.  Inspection  utilizes  plug  Go 
and  blade  "No-Go"  gaging  method. 


SUMMARY; 


A. 


B. 


Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey 
inspection.  The  method  of  production  utilized  a  heavy  leaf  drill 
plate.  Integral  to  the  nacelle  drag  brace  fixture  to  facilitate 
locking  on  the  Quackenbush,  air  driven  drill  power  head.  Hand  fed 
Crystal  Cut  555  collant  and  air  were  used  as 
Holes  were  drilled  by  Quackenbush  to  a  preliminary  size 
and  followed  by  Quackenbush,  air  driven  drill  motor  and  0.2508 
piloted  tip  reamer  to  achieve  the  final  hole.  Inspection  measur  - 
ments  were  obtained  via  "thru— hole  air  probe. 

Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.251581 
for  the  set  of  twenty-nine  (29)  holes.  This  value  is  an  excellent 
feature  since  it  resides  at  the  mid-point  vicinity  of  ^^® 
ing  tolerance  range,  m  of  the  holes  of  this  set  meet  the  criterion 
established  by  Engineering.  Specific  discussion  on  the  geometric 
characteristics  of  the  holes  are  discussed  at  paragraph  III. 


*  DRILL  METHOD  CODING;  Q-2  -  Quackenbush,  Air  Power  Reamer 

Mechanical 

Quackenbush,  air  powered  drill  and  accessory  tooling. 


C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
very  good  holes: 

1.  Custom  designed  flxturing  ensures  Interchangeability  and  location 
reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling  produces 
preliminary  holes  at  assembly  to  0.234"  size. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted  reamer  achieves 
final  hole  size  per  Engineering  using  a  0.2508"  reamer. 

4.  Planning  is  very  good,  providing  adequate  work  instructions  and 
definition  of  Inspection  requirements.  Plug  and  blade  gages  are 
employed  for  "Go"/"No-Go"  Gaging  Inspection. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  1160  data  entries  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average  for 
the  set  !■  0.251581",  well  below  the  0.2530"  hl^  limit 
per  established  Engineering  Criterion.  This  is  an 
excellent  series  of  holes  on  size;  however,  a  "barrelled" 
characteristic  is  apparent  in  the  aluminum  part  which  is 
sandwiched  between  the  steel  and  titanium  members  at  the 
assembly  stack. 


Reference  Conqtuter  Individual  Hole  Printout  discloses  an 
excellent  range  distribution  of  hole  measurements  considering 
the  material  differences  within  the  stack  and  the  depth 
(0.75")  of  the  drilled/reamed  holes. 


1.  The  spread  of  measurements  taken  at  forty  (40)  locations 
within  each  hole  are  as  follows: 


ole  # 

Ranae 

1 

0.000698" 

2 

0.001274" 

3 

0.000621" 

4 

0.000543" 

5 

0.000954" 

6 

0.000783" 

7 

0.000625" 

8 

0.000731" 

9 

0.000448" 

10 

0.000469" 

11 

0.001345" 

12 

0.000490" 

13 

0.000497" 

14 

0.000538" 

15 

0.000527" 

Hole  # 

Range 

16 

0.001086" 

17 

0.000622" 

18 

0.000585" 

19 

0.000685" 

20 

0.000707" 

21 

0.000741" 

22 

0.000888" 

23 

0.000862" 

24 

0.000914" 

25 

0.000830" 

26 

0.000804" 

27 

0.000774" 

28 

0.000681" 

29 

0.000697" 
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Note;  Only  three  (3)  holes,  identified  Hole  #2, #11 
and  #16  reveal  a  range  value  that  exceeds 
0.001".  The  reader  is  reminded  of  the  fact 
that  the  ranee  of  measurements  for  each  hole 
includes  the  "barrelling"  feature  \dilch  is 
present  in  the  aluminum  "sandwiched"  detail 
part. 

2.  Holes  #2, #11, #16, #22, #23  and  #24  reveal  slightly 

larger  profile  patterns  on  the  "barrelling" 
characteristic  than  are  apparent  on  the  remainder 
of  the  holes  in  the  series.  Chip  load 

migration  of  the  titanium  back  through  the  aluminum 
coupled  with  slight  coolant  starvation  producing 
heat-up  is  suggested  as  most  probable  cause  for  the 
enlarged  "barrelling"  profiles  which  at  the  worst 
case  are  still  well  within  the  Engineering  tolerance 
criterion. 

3.  Individual  Histograms  disclose  a  relatively  Normal 
Gausian  Distribution  on  the  measurement  population 
and  all  are  grouped  in  the  vicinity  of  the  mid-point 
tolerance  range.  The  Executive  Histogram  for  the 
entire  data  set  discloses  two  peak  areas.  Responsi¬ 
bility  for  the  peak  shift  is  geometry  changes  in  the 
assembly  owing  to  taper  in  the  material  stack  per 
Engineering  design. 

B.  Ovality;  Maximum  recorded  ovality  within  the  set  occurred  ag  Hoge 

#16  and  recorded  at  0.000371"  at  Level  #2  on  the  0  -90 
axes.  This  value  is  negligible  on  hole  quality.  A 
faying  surface  interface  from  steel  to  aluminum  occurs 
at  this  level  thus  resulting  in  an  ovality  enlargement 
of  the  hole. 

Ovality  was  not  a  cause  for  concern  on  this  set .  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  the  ovality  meayurements.  None 
of  the  holes  of  this  set  exceeded  the  Engineering  Criterion. 

C.  Perpendicularity;  Heavy  flxturing  assures  perpendicularity  of  the 

holes  with  regard  to  the  structure.  This  series  of 
holes  were  checked  by  gaging  with  a  lOX  magnification 
Azimuth/Angle  Gaging  Device.  The  holes  were  verified 
to  be  normal  (90  )  to  the  longitudinal  axis  of  the 
holes  with  regard  to  the  drilled/reamed  nacelle  structure. 

D.  Straightness:  Straigihtness  is  within  Engineering  design  tolerance  as 

indicated  by  profile  analyses. 

E.  Barrelling:  A  subtle  "barrelling"  feature  is  inherent  in  all  holes 

of  this  series  except  Holes  #9  and  #10.  The  character¬ 
istic  is  an  anticipated  feature  when  aluminum  is  "sand¬ 
wiched"  In  the  lay-up  between  steels,  titanium  and/or 
other  substantially  harder  materials.  Refer  to 
Individual  Computer  Profile  Printout  and  Axis  Measurements 
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for  the  magnitude  of  the  barrelled  condltlona.  Refer 
also  to  item  III.A.l  and  III. A. 2  for  related  informat¬ 
ion. 


F.  Bellmouthlng:  None  evident  per  profile  analyses.  The  stacking 

arrangement  of  the  detail  parts  exhibiting  steel  and 
titanium  as  their  outer  laminates  is  a  deterent  to 
the  formation  of  bellmouthlng  when  accoispanied  by 
heavy  fixturing  and  sharp,  tiell  maintained  accessory 
tools. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of  holes 

exhibited  a  very  good  interior  wall  texture.  There  were 
no  perceptible  rifling  traces  on  the  hole  sidewalls 
when  inspected  by  Slgiht  Pipes  at  3X  magnification. 

There  were  no  chatter  marks  nor  vertical  scoring  in 
these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  throu^  a  laminated  stack 

and  was  deburred  satisfactorily  in  the  normal  process 
plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  eidiibited  a  surface  finish 

of  approximately  "63  AA".  Optical  surface  comparator 
was  used  in  this  inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  S-1 


RANKING  NUMBER  17  * 
HOLE  SIZE:  0. 312'70. 315" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  "one-shot"  drilling  and 
counter-sinking  of  the  Wing  Upper  Surface. 

The  structure  is  an  assembly  of  aluminum  skin  and  stringers 
whose  thickness  is  approximately  0.38"  in  the  areas  being  sur¬ 
veyed.  The  subject  hole  is  sized  by  Engineering  at  0.312'  /0. 315" 
for  installation  of  NAS1580A,  Flush  Head  High  Shear  Bolts  located 
aft  of  the  front  spar. 

II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  surveyed  from  one  (1)  available  assembly 
on  the  factory  line.  The  method  of  production  utilized  the  Space- 
mat  ic  air  driven  power  head  for  drilling  and  counter-sinking. 
Spray-mist  coolant  integrally  coupled  to  the  powerhead  provided 
adequate  cooling  during  the  duty  cycle  of  the  drill,  and  drill 
stalls  were  not  noted  during  the  processing  of  this  series  of  holes. 
Measurement  data  on  the  holes  was  accomplished  via  'thru— hole  air 
probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.313416" 
for  the  set  of  twenty-nine  (29)  holes.  This  value  is  an  excellent 
feature  since  it  resides  at  the  mid-vicinity  of  the  Engineering 
tolerance  range.  All  of  the  holes  of  this  set  meet  the  criterion 
established  by  Engineering.  Specific  discussion  on  the  geometric 
characteristics  of  all  holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  flxturing  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Spacematlc,  air  powered  drill  and  accessory  tooling  producing 
satisfactory  "one-shot"  full  sized  holes  at  assembly. 

3.  Reaming  was  not  a  requirement  for  the  holes  at  this  work  station. 

*  DRILL  METHOD  CODING:  S-1  -  Spacematlc  -  One  Shot  No  reaming. 
Spacematlc,  air  powered  drill  and  accessory  tooling. 
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4.  Planning  is  very  good,  providing  adeqi'Jite  work  Instructions  and 
definition  of  inspection  requlresients.  Plug  "Go"/"No-Go''  gaging 
Is  employed  in  hole  Inspection. 

III.  CHARACTERISTICS! 


A.  Hole  Size:  580  data  entries  were  accrued  for  the  series  of 

holes.  The  arithmetical  average  for  the  set  Is  0.313416", 
well  below  the  0.315"  hlgli  limit  per  established  Engineer¬ 
ing  Criterion.  This  Is  a  very  good  series  of  holes  on 
size  but  are  characteristically  tapered  and/or  bell¬ 
mouthed.  The  most  predominant  geometric  feature  trace¬ 
able  to  the  method  of  production  Is  slight  taper  and/or 
bellmouth  at  tl?  exit  plane  vicinities  of  the  majority  of 
the  holes,  attributable  to  drill  chip  build-up.  The 
feature  exists  but  is  well  within  the  tolerance  per 
Engineering  Criterion. 

1.  Range  measurement  values  are  the  predominant  factor 
in  determining  hole  shape  for  this  set.  A  series  of 
measurements  taken  at  twenty  (20)  locations  within 
each  hole  were  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000301" 

16 

0.000293" 

2 

0.000483" 

17 

0.000466" 

3 

0.000724" 

18 

0.000388" 

4 

0.000741" 

19 

0.000583" 

5 

0.000526" 

20 

0.000319" 

6 

0.001278" 

21 

0.000690" 

7 

0.000617" 

22 

0.000500" 

8 

0.001753" 

23 

0.000532" 

9 

0.000413" 

24 

0.000431" 

10 

0.000523" 

25 

0.000478" 

11 

0.000583" 

26 

0.000586" 

12 

0.000560" 

27 

0.000491" 

13 

0.000428" 

28 

0.000371" 

14 

0.000337" 

29 

0.000529" 

15 

0.000353" 

2.  Reference  item  III.A.l.  and  Individual  Hole  Computer 
Printouts . 

Six  (6)  holes.  Identified  Hole  #l,#14,#15,#16,<i^20 
and  #28  are  nearly  perfect  specimens.  There  are 
no  flaw  features  evident  In  the  computer  data  nor 
apparent  In  the  physical  holes  via  3X  magnification 
by  Sl^t  Pipe  Inspection. 
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B.  Ovality; 


3.  Reference  Individual  Hole  Printouts . 

All  other  holes  of  this  set 

eidiibit  the  taper  and/or  bellmouth  characteristic. 

All  of  the  specimens  are  well  within  the  tolermce 
criterion  established  per  Engineering  and  the  f®*ture 
at  wrrst  case  is  only  0.001278”  in  magnitude  at  Hole 
#6  and  0.001753”  at  Hole  #8. 

4.  The  Histograms,  both  Sunmary  by  Lot  and  » 

reflect  a  data  population  at  the  mid  range  of  th 
tolerance  band.  The  taper  built  into  the 
holes  via  chip  Influence  is  extremely  slight  and  has 
negligible  affect  on  hole  overall  quality. 

Maximum  recorded  ovality  within  the  occurred  ag  HoU 
#8  and  recorded  at  0.000603”  at  Level  #3  on  the  45  -135 
axes.  Ovality  in  this  hole  results  from  sll^t  tapered 
condition  resulting  from  chip  build  up  enlargement  of 
the  exit  vicinity  of  the  hole. 

Ovality  was  not  a  cause  for  concern  this 

to  Individual  Hole  Computer  Printout  discloses  jil 

to  ha  extremely  good  on  ovality  measurements, 

the  holes  of  this  set  exceeded  the  Engineering  Criterion. 

C  Perpendicularity:  Holes  for  this  set  were  checked  by  paging 
*  ^  Azimuth/Angle  Gaging  Device  and  verified  to  be  norma 

(90  ;  to  the  longitudinal  axis  of  the  holes. 

straight....  i  Str.lghtn...  1.  wUhl.  gnjlMerlBg  d..lgh  toUranc. 
as  Indicated  by  profile  analyses. 

Barrelling;  Non-existent  as  evidenced  by  profile  Analyses. 

sli^t  and  does  not  violate  the  tolerance  criterion 
established  per  Engineering. 

“I  L. 

magnification.  There  were  no  chatter  marks  nor  vertica 
scoring  in  these  holes. 

H  Burrs-  This  set  of  holes,  drilled  and  reamed  at  were 

H.  Burrs.  aatisfactorily  deburred  in  the  normal  process  plan  work 

Instructions. 

X.  sun...  «ul.h:  .AU 

uied  in  this  inspection.  Surface  was  smooth  and  shiny. 


D. 


E. 

F. 


G. 
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drill  method  H-2 
ranking  number  18  * 

HOLE  SIZE  0.250'70.253" 


OVERVIEW: 

A  This  set  of  production  holes  feature  drilling  and  reaming 
of  the  Vertical  Fin  Attach  Fitting.  The  structure ^is 
aluminum  skin  (0.160")  to  a  titanium  fitting  0.100 
thick  at  the  surface  to  be  drilled  and  reamed.  The  hole 
Ling  inspected  is  sized  at  0. 250"/0. 253"  by  Engineering. 


II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  The  material,  a  combination  of  aluminum 
skin  to  titanium  fitting  was  inspected  by  thru-hole 
air  probe.  Measurements  were  taken  by  air  probe  pene¬ 
tration  from  Inside  the  structure  and  progressing  out¬ 
board  toward  the  outer  skin.  In  the  sequence  of  measure¬ 
ments  on  the  Statistical  Printout,  the  urst  series  of 
four  (4)  readings  are  the  holes  in  the  titanium  fit¬ 
ting.  The  second  series  are  measurements  in  the 
flltiminum  skin. 


The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  a  composite  traceable  to  the  following 
for  the  production  of  good  holes: 

tn  1  orate  the  holes. 


riiDt-rm.  flvturlne 


2.  Hand  held  drill/reaming  method  and  arc^ssorles  were 
adequate  to  produce  a  good  set  of  holes. 

3.  Planning  is  excellent  for  inspection  traceability 
on  holes. 


4.  Good  tooling  on  a  planned  periodic  refurbish  Program, 
coupled  with  the  mandatory  requirement  for  technician 


*  DRILL  METHOD  CODING:  H-2  -  Hand  Held  Drill  and  Ream 
Hand-held  drill/reaming  and  accessories. 


237 


II.  4.  (Continued) 


to  draw  new  and/or  currently  refurbished/reinspected 
drills  and  reamers  from  production  tool  cribs  for 
use  on  the  job  Is  evident  In  product  quality. 

5.  Morale  among  production  personnel  Is  high.  The 
attributes  of  pride  and  craftsmanship  are  evident 
In  the  quality  of  work  produced. 

III.  CHARACTERISTICS; 


A.  Hole  Size:  All  holes  were  within  the  allowable 

Engineering  criterion  of  0.250"/0.253". 

Holes  are  Individually  excellent  on  size. 
Measurements  taken  at  8  locations  within 
each  hole  yield  an  average  value  of 
0.251153". 

Holes  #24  and  #25  disclose  an  undersize 
condition  at  the  second  plane  of  measure¬ 
ments.  This  plan  Is  In  the  aluminum  skin 
and  la  suggested  by  the  Survey  Team  as  an 
error  caused  by  blockage  of  the  "air  probe" 
orifice.  It  Is  concluded  that  a  particle 
of  sealant  and/or  sealant  extruded  Into 
the  hole  at  the  Interface  of  the  fitting 
to  skin  resulted  In  erroneous  readings. 
Discounting  the  affected  readings  on  Holes 
#24  and  #25  and  substituting  the  next  lowest 
reading  from  the  measurements  of  all  holes 
results  In  the  following: 

Reading  0.252207"  0  Hole  #23  (Highest) 
Reading  0.250552"  0  Hole  #21  (Lowest) 
0.001655" 

The  Range  of  the  set  therefore  Is  0.001655" 
In  lieu  of  0.002828". 

The  trend  In  measurements  Is  Indicative  of 
tooling  producing  Ideal  holes  since  the 
yield  of  all  measurements  provides  an  av¬ 
erage  size  of  0.251153",  tending  toward  the 
midpoint  of  the  tolerance  spread. 
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B.  Ovality:  Maximum  recorded  ovality  within  the  set  was 

0.000741"  at  Hole  //20.  Individual  holes 
within  this  set  (8  measurements  per  hole) 
ranged  to  as  low  as  0.000017"  at  Hole  //15. 

The  cause  for  the  slight  ovality  within  this 
set  of  holes  is  considered  the  result  of 
instability  on  the  hand  held  bushing  guide 
for  reaming.  Ovality  is  predominately  at 
the  start  (entrance)  to  the  hole,  and  is 
very  slight.  Ref.  Computer  Printout. 

C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole 
with  regard  to  the  machined  face  of 
the  Vertical  Fin  Attach  Fitting. 
Perpendicularity  was  verified  to  be 
zero  degrees  (0“)  when  measured  with 
the  lOX  magnification  Azimuth/Angle 
Gaging  Device. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by  the 
profile  analyses. 

E.  Barrelling:  None  evident  as  indicated  by  the 

profile  analyses. 

F.  Bellmouthing:  Very  slight  as  indicated  by  the  pro¬ 

file  analyses. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very 
good  Interior  wall  texture  when  in¬ 
spected  by  Sight  Pipes  at  3X  magni¬ 
fication.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes. 

This  set  of  holes  was  drilled  and 
reamed  by  hand  method  and  was  de— 
burred  satisfactorily  in  the  normal 
process  plan  work  instructions. 


H.  Burrs: 


I.  Surface  Finish: 


All  holes  of  this  set  exhibited  a 
surface  finish  of  "63  AA  or  better. 
Optical  Surface  Comparator  was  used 
in  this  inspection.  Surface  was 
smooth  and  shiny. 
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DRILL  METHOD  S-2 


RANKING  NUMBER  19  * 
HOLE  SIZE:  0.2460"/0.2500" 


I .  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  of  the 
Rear  Spar  Lower  Surface,  between  Wing  Stations  45.5" 
and  66.0".  The  structure  is  an  all  aluminum  stack 
whose  approximate  thickness  in  the  area  to  be  surveyed 
is  0.625".  The  subject  hole  is  sized  by  Engineering 
at  0. 2460"/0. 2500"  for  installation  of  Hi-Lok  flush 
head  bolts. 

II.  SUMMARY : 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  All  Holes  of  this  series  are  in  com¬ 
plete  compliance  with  all  Engineering  tolerance 
criterion.  Measurement  data  was  accumulated  at 
twenty-eight  (28)  locations  within  each  hole  via  "thru- 
hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 

.  average  is  0.247135"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  is  an  excellent  feature  since  it 
resides  at  the  low-point  vicinity  of  the  Engineering 
tolerance  range.  Specific  discussion  on  the  geometric 
characteristics  of  the  holes  are  discusses  in  paragraph 

III. 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  follow¬ 
ing  for  the  production  of  these  holes: 

1.  Custom  designed  flxturing  ensures  interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Spacematlc,  air  powered  drill  and  accessory  tooling 
produces  very  good  preliminary  holes  at  assembly. 

*  DRILL  METHOD  CODING:  S-2  -  Spacematlc  -  Hand-held,  reaming. 

Spacematic,  air  powered  drill  and  accessory  tooling. 
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3.  Hand-held,  air  powered  drill  driving  a  piloted  reamer 
achieves  final  hole  size  per  Engineering. 

4.  A  Tool  Set-Up  Station  is  maintained  in  the  vicinity 
of  the  work  area.  Spacematic  drills  are  set  up  and 
adjusted  by  a  tooling  specialist  who  performs  a 
sample  run  to  ensure  proper  operation  and  adjustment 
on  tooling.  The  dividend  of  this  concept  is  good 
production  holes  at  this  facility. 

5.  Planning  is  very  good,  providing  adequate  work 
Instructions  and  definition  of  inspection  require¬ 
ments  . 

III.  CHARACTERISTICS: 

A.  Hole  Size:  809  data  entries  were  accrued  for  the  series 
of  twenty-nine  (29)  holes.  The  arithmeti¬ 
cal  average  for  the  set  is  0.247135"  as 
evidenced  per  the  Executive  Summary  by  Data 
Ijc.  All  of  the  holes  of  this  series  comply 
with  all  Engineering  tolerance  criterion. 

1.  Reference  Executive  Summary  Histogram. 
Only  three  (3)  holes,  Identified  Hole 
#27,  #28  and  #29  disclosed  measurement 
series  In  the  range  of  0.248000".  The 
population  of  data  about  0.247000" 
exhibits  a  Normal  Gausian  Distribution. 
This  feature  is  representative  of  Holes 
#1  through  #26  of  this  set  and  is  in¬ 
dicative  of  tools,  process  and  personnel 
functioning  in  hq.rpony. 

The  data  elements  centered  about  the 
0.248000"  zone  are  representative  of 
Holes  #27,  #28  and  #29.  These  also 
are  excellent  holes  with  no  specific 
cause  Identifiable  for  their  slight 
size  difference. 

2.  There  are  no  detrimental  characteris¬ 
tics  suggesting  a  degradation  of  hole 
quality  in  the  holes  as  evidenced  by 
Individual  Computer  Printout  for  each 
Hole. 
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3.  Six  (6)  holes,  identified  Hole  #5,  #6,  #7,  #19, 
#20  and  #22  per  Individual  Computer  Printout  re¬ 
veal  an  extremely  small  bellmouth  and/or  taper 
condition  at  their  start  plane  of  drilling.  The 
condition  la  negligible  as  evidenced  by  their 
measurement  distribution  as  follows. 

Hole#  Total  Measurement  Range 


5 

0.001043' 

6 

0.000784' 

7 

0.000836' 

19 

0.000537' 

20 

0.000440' 

22 

0.000509 

of  these  holes  are  well  within  the  Engineering 
tolerance  criterion.  Slight  wobble  at  start  of 
drilling  is  suggested  as  cause  for  the  minute 
bellmouth  feature  in  these  holes. 


4  The  range  of  data  from  the  lowest  to  the  highest 
reading  among  twenty-eight  (28)  measurement  points 
for  this  series  of  holes  is  worthy  of  recap. 
Specific  data  for  each  hole  is  presented  on  the 
Individual  Hole  Computer  Printout.  The  range  of 
measurements  were  as  follows; 


Hole  #  Range 

1  0.000431" 

2  0.000422" 

3  0.000388" 

4  0.000293" 

5  0.001043" 

6  0.000784" 

7  0.000836" 

8  0.000250" 

9  0.000250" 

10  0.000259" 

11  0.000250" 

12  0.000224" 

13  0.000457" 

14  0.000259" 

15  0.000267" 


Hole  # 

Range 

16 

0.000u02" 

17 

0.000397" 

18 

0.000216" 

19 

0.000537" 

20 

0.000440" 

21 

0.000233" 

22 

0.000509" 

23 

0.000319" 

24 

0.000463" 

25 

0.000345" 

26 

0.000302" 

27 

0.000259" 

28 

0.000314" 

29 

0.001060" 
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B.  Ovality:  Maximum  recorded  ovality  within  the  set 

occured  at  Hole  #29  and  recorded  at  0.000759" 
at  Level  #1  on  the  45°-135°  axes.  The 
ovality  feature  of  Hole  #29  is  directly 
related  to  the  bellmouth  condition  at  its 
start  plane. 

Ovality  is  not  a  cause  for  concern  on  this 
set.  Reference  to  Individual  Hole  Computer 
Printout  discloses  all  holes  to  be  extremely 
good  on  the  ovality  measurements.  None  of 
the  holes  of  this  set  exceeded  the  Engin¬ 
eering  Criterion. 

C.  Perpendicularity:  Hole  size,  on  the  low  side  of  the 

tolerance,  would  not  permit  inspection  via 
the  Angle/Azimuth  Gaging  Device,  therefore 
verification  of  perpendicularity  was  veri¬ 
fied  by  sample  fastener  installation  and 
head  gap  inspected.  The  holes  were  normal 
to  the  longitudinal  axis  of  the  holes  and 
acceptable  to  established  Engineering 
Criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design 

tolerance  as  indicated  by  profile  analyses. 

E.  Barrelling:  Hole  #13  Individual  Profile  reveals  an 

extremely  shallow  barrelling  feature.  Chip 
load  is  suspected  as  the  cause  for  the 
geometric  configuration  of  this  hole.  The 
specimen  is  an  excellent  hole  regardless  of 
the  barrelling  characteristic  which  does 
not  exceed  the  Engineering  tolerance  allow¬ 
able. 

F.  Bellmouthing:  Evident  in  very  subtle  amounts  as  indica¬ 

ted  by  Holes  referenced  at  item  III.  A. 3. 
Various  other  holes  of  this  set  exhibit  the 
same  condition  at  their  entrance  plane  of 
drilling  but  to  a  much  smaller  value. 
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G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This 

set  of  holes  exhibited  a  very  good  interior 
wall  texture.  There  was  no  evidence  of 
rifling  when  Inspected  by  Sight  Pipes  at 
3X  magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  through  a 

laminated  stack  and  was  deburred  satisfac¬ 
torily  in  the  normal  process  plan  work 
instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  of  "100  AA"  or  better. 

Optical  surface  comparator  was  used  in  this 
inspection.  Surface  was  smooth  and  shiny. 


drill  method  Q-3 
ranking  number  20  * 

HOLE  SIZE:  0. 377 5'70. 3805" 


OVERVIEW: 

A.  Thl.  ..t  of  production  hole,  “^truftire  «"rte 

and  reaming  ot  a  Wing  Splice  Ins  tnicknea,  la  0.420".  The 

iTtJcTlu  “  TATy  Engineering  at  0.3775"/0.3S05"  lor 
Inatallatlon  of  3/8"  (ura22-6-16  bolts). 

SUMMARY! 

A.  Twenty-nine  (29)  holes  were  available  ^^““^“"““"enbuirainSr 
inspection,  ^e  method  »'  Lglneerlng  else, 

step  drill  and  Ihe  Dreams;  Is  a  combination 

Utilizing  a  two  (2)  fluted  Dream  ,  3/411  length  piloted 

drlll/remer  bit  *oee  cMflgura  Incorporate  multiple 

Of  theVute  la^s.  The  ™  was 

sired  at  0.3775"  diameter.  .'^hru-hole"  air 

twenty-four  (24)  locations  within  each  hole  via 

probe. 

B.  Reference  Executive  Summary  by  J*'a®er^e‘^iro!377870" 

measurement  distribution  w  ose  value  is  an  excellent 

for  the  set  i^^P^int  o?  Engineering  tolerance 

Jrnre!^  Au“f“hrhrs  ^or^^hlslermeet  the  Engineering  criteria. 

specific  discussion  on  the  geometric  characteristics  of  the  holes 
are  discussed  at  paragraph  HI. 

'=•  ?„:prireiiuer“:ce:bu'^fre^orioS^frriL^ 
very  good  holes : 

1.  Custom  designed  fixturing  ensures  interchangeability  and 
location  reliability. 

ro5-«  Soeti'entrone  H^rh”™  trtiSrli^fESnerrlng 

size. 

3.  Remslng  Is  a  feature  of  the  combination  drill  and  reamer  bit 
used  in  item  #2  above. 

.  DRIU  METHOD  CODING!  Q-3  -  tip  "Dre«ner". 

QuacltMibush,  air  driven  power  unit  driving  a  plloteo 

OAft 


4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  Inspection  requirements* 

III.  CHARACTERISTICS! 

A.  Hole  Size:  696  data  measurements  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average  for 
the  set,  0.377870*',  Is  an  ideal  characteristic  in 
regard  to  the  Engineering  criterion  of  0.3775"/0.3805’'. 

This  is  an  excellent  series  of  holes  on  size.  Reference 
to  Computer  Individual  Hole  Printout  discloses  the 
following: 

1.  Twelve  (12)  holes  are  nearly  perfect  with  their 
spread  of  twenty- four  (24)  measurements  per  hole 
having  recorded  less  than  0.0003"  variation  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000276" 

8 

0.000103" 

2 

0.000164" 

13 

0.000082" 

3 

0.000233" 

15 

0.000207" 

4 

0.000241" 

16 

0.000291" 

5 

0.000276" 

17 

0.000088" 

6 

0.000276" 

18 

0.000143" 

2.  The  remainder  of  the  holes  comprising  the 

series  comply  with  all  Engineering  tolerance  criterion 
on  size  and  shape.  Reference  Executive  Summary  Histo¬ 
gram.  The  data  population  discloses  a  spike  at  the 
vicinity  of  0.377600",  The  spike  is  representative 
of  most  of  the  data  from  individual  hole  measurements. 
Cause  for  the  data  distribution  flattening  between 
the  0.378000"  and  0,379000"  range  is  a  function  of 
the  features  described  in  item  III. A. 3. a.  and  III.A.3.b. 

3.  Reference  Individual  Hole  Computer  Printout.  The 
only  characteristics  detracting  from  otherwise 
excellent  holes  are  identified  as  follows: 

a.  Bellmouth  and/or  taper  at  the  entrance  vicinity 
of  the  holes.  Holes  #10, #11, #19, #20  and  #21  are 
representative  samples. 

The  cause  for  the  taper  featured  at  the  start 
plane  of  the  holes  is  suggestive  of  minor  Dreamer 
"seeking"  of  the  tip  on  drill  entry  since  the  oval 
feature  is  rather  uniform  at  all  axes  of  measure¬ 
ment. 


I 

I 

\ 

} 

I 

f 
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b.  Occasional  chip  i,,»lkes  are  also  apparent  in 
Isolated  cases.  Holes  #12, #21, #24  and  #27 
are  representative  specimens.  The  condition 
Is  extremely  subtle  and  Is  not  construed  via 
analysis  as  a  detriment  to  overall  hole  quality. 

None  of  the  conditions  referred  to  In  Item  "a" 
or  "b”  above  exceed  the  Engineering  tolerance 
allowable. 

4.  Reference  Executive  Sumnary  by  Data  Lot.  The  range 
of  measurements  for  this  set  is  0.001439"  as  an  aggre¬ 
gate  series  and  all  measurements  are  well  within  the 
tolerance  allowables  of  0.3775"/0.3805".  Individual 
Hole  Computer  Printout  discloses  the  range  of  measure¬ 
ments  to  be  very  good.  Only  four  (4)  holes  slightly 
exceeded  0.001"  total  ranges  and  are  displayed  as 
follows  In  Increasing  order  of  magnitude: 

Hole  #  Range 

24  0.001017" 

27  0.001089" 

28  0,001155" 

25  0.001319" 

All  other  holes  of  the  set  were  less  than  0.001"  In 
total  range  of  measurements. 

The  reader  Is  reminded  of  the  fact  that  the  Profile 
Displays  on  the  Computer  Printout  when  exhibited  by 
the  figure  "0",  is  representative  of  0,0001"  per  "0"; 
thus,  it  follows,  we  are  dealing  in  very  minute  devia¬ 
tions  In  this  series  of  holes. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hole 

#28  and  discloses  a  value  of  0.001086"  at  plane  level  #2 
on  the  0°-90°  axes.  Enlargement  at  the  entrance  plane 
of  measurements  most  probably  Is  the  result  of  '  drill 
grab"  at  Its  start  into  the  hole.  The  magnitude  is 
well  within  the  Engineering  tolerance  criterion  and  is 
not  a  detracting  feature  for  hole  quality.  It  disappears 
at  its  next  plane  of  measurements. 

Ovality  was  not  a  cause  for  concern  on  this  set.  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  the  ovality  measurements.  Hone 
of  the  holes  of  this  set  exceeded  the  Engineering  Criterion. 

C,  Perpendicularity;  Heavy  fixturing  assures  perpendicularity  of  the  holes 

with  regard  to  the  structure.  This  series  of  holes  were 
checked  by  gaging  with  a  lOX  magnification  Aslnuth/Angle 
Gaging  Device.  The  holes  were  verified  to  be  normal 
(90°)  to  the  longitudinal  axis  of  the  holes  with  regard 
to  the  drilled/reamed  wing  root  forging  structure. 
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D.  Straightness:  Straightne-s  is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  None  existent  as  evidenced  by  profile  analyses. 

F.  Bel Iniou thing:  This  feature  along  with  Its  representetlve  hole 

examples  Is  addressed  In  the  narrative  per  Item  III. A. 3. a. 

G.  Hole  Texture:  Rifling,  Scratches  Chatter  marks.  This  set  of 

holes  exhibited  a  very  good  Interior  wall  texture. 

There  were  no  perceptible  rifling  traces  on  the  hole 
sidewalls  when  Inspected  by  Sight  Pipes  at  3X  magnifica¬ 
tion.  There  were  no  chatter  marks  nor  vertical  scoring 
In  these  holes. 

H.  Burrs:  This  structure,  drilled  and  reamed  throu^  one  (1)  solid 

flange  was  deburred  satisfactorily  In  the  normal  process 
plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  approximately  “63  AA“.  Optical  surface  comparator 
was  used  In  this  Inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  Q-2 

ranking  number  21  * 
HOLE  SIZE:  0.625'70.6260" 


I.  OVERVIEW: 

A  This  set  of  survey  holes  features  Quackenbush  drilling  and  final 
reaming  of  Center  Wing  Lower  Surface  Main  Landing 

mounting  holes.  The  main  lading  gear  trunion  perse  is  not J^n 
eluded  in  the  measurements  taken  for  these 
bush  mounting/positioning  drill  plate  is  f 

fitting  and  provides  for  basic  hole  locations,  perpendicularity  and 
interchangeability  reliability. 

The  hardware  in  the  assembly  is  a  mix  of  steel  and  aluminum  at 
aooroxlmately  1.2*'  thlch  at  the  forward  hole.  The  outer  member  i 
steel  (approx.  0.31")  thick,  followed  by  the  aluminum  skin  (approx. 
0.25")  and  rib  (approx.  0.56"). 

The  aft  hole  1.  a  different  configuration  at 

thick.  The  outer  m.,ri.er  la  ateel  (approx. 

skin  and  stringer  #19  (each  approx.  0.25  )  rib  (0.68  ). 

The  hardware  is  one  piece,  the  wing  splice  fitting  at  approximately 
1.75"  thick. 

Perpendicularity  of  the  mounting  holes  to  the  assembly  ® 
of  tooling  coordinated  to  the  machining  of  the  tru^on  •  • 

90.00  ribband  W.S.  110  splice  fitting  mchlning.  The  subject  hole 
sized  by  Engineering  at  0.6250"/0.6260  . 


*  DRILL  METHOD  CODING:  Q-2  -  Quackenbush  -  Air  Power 

Reamer,  Mechanical 

Quackenbush  drilling,  final  reaming. 
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II.  SUMHARY: 


A.  Reference  "Executive  Histogram  by  Data  Lot!'  The  data  population  for  this  set 
Is  fairly  evenly  distributed  over  the  entire  0.001000"  range  of  the  Engineer¬ 
ing  tolerance.  This  characteristic  results  from  the  multiple  set-ups  to 
acquire  the  and  the  minute  bellmouth/barrelllng  resulting  from  the  chip 
load  and  operator  side- loading.  Variations  are  extremely  small  and  the  over¬ 
all  quality  of  the  specimens  Is  geometrically  very  good. 

Nineteen  (19)  holes  were  available  In  this  structure  for  survey  Inspec¬ 
tion.  All  of  the  holes  except  Hole  //I,  8  and  #12  of  this  set  meet  the  es¬ 
tablished  Engineering  criterion.  Reference"Executlve  Summary  by  Data  Lot." 
This  set  discloses  a  measurement  distribution  whose  arithmetical  average  Is 
0.^25624"  for  the  series  of  nineteen  (19)  holes.  This  value  Is  very  good 
since  It  resides  at  the  mid  vicinity  of  the  tolerance  range.  The  affect 
of  deep  reaming  with  traces  of  chip  build  up  and  minor  barrelling  Is  ap¬ 
parent  In  some  holes  of  this  set. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes  are  dis¬ 
cussed  In  paragraph  III  along  with  rationale  disclosures  on  overall  quality. 

B,  The  Computer  Statistical  Printout  for  this  series  of  holes  provide  com¬ 
posite  clues  traceable  to  the  following: 

1.  Quackenbush  preliminary  holes  are  being  satisfactorily  produced  to 
specification  tolerance. 

2.  Quackenbush  air  powered  drill  motor  driving  a  piloted  tip  reamer  pro¬ 
duces  very  good  final  holes  per  0.6250”/0.6260"  tolerance  criterion. 

3.  The  affect  of  good  tooling  Is  evident  In  the  shape  and  quality  of  these 
holes. 

4.  Periodic  Inspections  prior  to  the  final  hole  inspection  as  directed  by 
the  Log  Planning  Is  a  significant  factor  In  determining  specification 
compliance  and  final  hole  quality. 

III.  CHARACTERISTICS; 


A.  Hole  Size:  1508  data  measurements  were  accrued  from  the  nineteen  (19) 
holes  comprising  this  set.  Reference  Executive  Summary  by 
Data  Lot  discloses  an  arithmetical  average  of  0.625624"  which 
Is  very  good  for  the  set  and  Is  reflected  In  the  quality  of 
these  very  deep  holes  whose  tolerance  spread  Is  only  0.0010" 
total. 

Slight  chip  load  build  up  In  the  process  of  reaming  exception¬ 
ally  deep  holes  results  In  some  ulnute  tapering  (bellmouthing) 
and  bulging  (barrelling)  which  are  the  only  geometrical  features 
departing  from  Ideal  cyllndrlclty  In  the  holes. 

All  of  the  specimens  conform  to  the  tolerance  criterion  establish¬ 
ed  by  Engineering  except  Holes  #1,  8  and  #12. 
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1.  Hole  #12,  Reference  Individual  Hole  Computer  Printout. 

This  hole  eadilblts  the  largest  series  of  measurements 

in  this  set.  Th®  maximum  value  was  recorded  at  0.628379” 
on  the  0°  axis  of  measurements  and  at  plane  level  #24, 

(the  exit  plane  of  the  hole) .  Reference  to  the  Computer 
Profile  presentation  reveals  a  side  loaded  feature  in  the 
hole  along  its  0°  and  135°  axes.  This  characteristic  per¬ 
sists  over  the  lower  one  half  of  the  total  hole  depth  and 
is  a  relatively  smooth  and  tapered  phenomenon,  largest  at 
the  exit  plane  of  the  hole. 

Cause  for  the  0°  -  135°  adjacent  axis  enlargement  is  most 
probably  the  result  of  operator  induced  side  loading  via 
handling  and/or  leaning  on  the  Quackenbush  drill  power 
head  during  its  duty  cycle  in  reaming. 

2.  Hole  #1.  Reference  Individual  Hole  Computer  Printout. 

Hole  #1  la  similar  to  Hole  #12  by  eadilblting  oversize 
measurements  along  its  90°  -  135°  axes.  The  maximum  re¬ 
corded  measurement  is  0.627750”  which  occurs  on  the  90° 
axis  at  plane  level  18,  (1.2"  down  into  the  hole). 

The  length  of  the  oversize  area  Is  0,3"  long  vertically 
along  the  90°  -  135°  axes.  Operator  induced  side  loading 
during  the  Quackenbush  reaming  duty  cycle  Is  assessed  the 
cause  for  this  slight  geometric  flaw  in  Hole  #1. 

3.  Hole  #8.  Reference  Individual  Hole  Computer  Printout. 

This  hole  exhibits  an  identical  characteristic  to  Hole  #1, 
and  along  identical  90°  -  135°  adjacent  axes.  The  maximum 
recorded  value  for  Hole  #8  Is  0.626983”  which  occurs  on  the 
135°  axis  of  measurements  and  at  plane  level  #22,  just  prior 
to  exiting  the  hole.  The  final  one  third  of  the  total  hole 
depth  is  affected  by  a  side-load  Induced  oversize  feature. 

Cause  for  the  overside  bulge  along  the  90°  -  135°  axes 
on  Hole  #8  is  identical  to  the  preceding  Holes  #12  and  #1. 
Handling  of  the  Quackenbusl'  unit  during  its  duty  cycle  is  prone 
to  result  in  sideload  ovality  in  the  structure. 


4.  Reference  Individual  Hole  Computer  Printouts  for  holes 
identified  Hole  #4,  5,  6,  7,  9,  10,  13,  17  and  #19. 

In  the  above  series  of  holes  the  profiles  established 
by  generally  ninety-six  (96)  measurements  per  hole  via 
the  0°,  45°,  90°  and  135°  axes  disclose  their  profiles  to 
be  nearly  geometrically  perfect. 
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B.  Ovality: 


The  range  of 
than  0.0003" 

measurements 
as  follows: 

for  the  above  holes 

Is  less 

Hole  # 

Range 

Hole  # 

Range 

4 

0.000276" 

10 

0.000129" 

5 

0.000221" 

13 

0.000233" 

6 

0.000259" 

17 

0.000276" 

7 

0.000276" 

19 

0.000197" 

9 

0.000224" 

The  extremely  slight  departures  from  Ideal  cyllndrlclty 
Is  assessed  the  result  of  very  minor  chip  load  bulld-up 
during  the  course  of  final  reaming.  The  magnitude  and 
progression  Is  very  minute  and  Is  not  considered  a  depart¬ 
ure  from  overall  hole  qxiallty. 

5.  Reference  Individual  Hole  Computer  Printouts.  Extending 
the  limit  criterion  to  0.0005"  Incorporates  m  of  the 
remaining  holes  of  this  set  as  follows : 


Hole  # 

Range 

Hole  # 

Range 

2 

0.000371" 

15 

0.000353" 

3 

0.000343" 

16 

0.000526" 

11 

0.000457" 

18 

0.000422" 

14 

0.000526" 

6.  There  are  no  gross  outstanding  geometric  features  detract' 
Ing  from  the  overall  quality  of  these  holes.  The  chip 
load  enlargement  Is  extremely  minute  and  aside  from  the 
side- load  ovality  enlargement  dlsctissed  at  Items  III.A.l 
thru  III. A. 3., this  set  Is  an  extraordinary  good  series  of 
holes . 


Maximum  recorded  ovality  within  the  set  occurred  at  Hole  #12 
and  discloses  a  value  of  0.002922"  on  the  0-90  aMS  at 
plane  #24.  Ovality  Is  a  function  of  the  operator  Induced 
side  loading  during  the  duty  cycle  of  final  reaming.  Refer¬ 
ence  narrative  at  paragraph  III.A.l. 

Ovality  was  not  a  cause  for  concern 

the  Individual  Hole  Computer  Printouts.  All  holes  are  ex 

tremely  good  on  ovality  ®  i  hole, 

than  0.0002").  Except  for  Holes  #1,  8  and  #12,  all  other  holes 

of  this  set  are  well  within  the  established  Engineering  criterion. 
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Perpendicularity: 


Reference  Section  I. A.  of  this  report.  Heavy  custom 
tooling  compensates  for  the  angularity  variation  frra 
the  skin  contour  to  the  final  machined  surfaces  of  the 
main  landing  gear  trunion  fitting.  These 
normal  to  the  trunion  fitting  and  bearing  surfaces  of 
the  mounting  bolts. 

Straightness:  Straightness  is  within  Engineering  design  tolerance  as  in¬ 

dicated  by  profile  analyses. 

B.rr.lllng:  Non-existent  per  profile  enalysee  except  es  referen-J  per 
paragraph  III. A. 

Bellmouthlng:  Non-existent  per  profile  snalyses  except  per  definition 

as  related  at  paragraph  III. A. 

Hole  lexture=  Hlfllng.  Scratches,  Chatter  Marks.  TOls  “^e' 

mens  exhibited  a  very  good  interior  wall  texture. 

The  holes  were  inspected  via  Sight  Pipe  at  3X  magnification. 
There  were  no  rifling,  chatter  marks  nor  vertical  scoring  in 

this  lot  of  holes. 

Burrs:  Deburrlng  was  satisfactorily  accomplished  per  the  normal  process 
plan  work  instructions. 

Surface  Finish:  All  holes  of  this  lot  exhibited  a  surface  finish  of 
Surface  Flni  ^^^i^^tely  63AA.  Optical  Surface  comparator  «««  used 

in  Inspection  and  the  sidewalls  were  smooth  and  shiny. 


DRILL  METHOD  Q-2 


RANKING  NUMBER  22  * 
HOLE  SIZE  0.3745"/0.3755" 


I.  OVERVIEW: 

A.  Ihis  set  of  production  holes  feature  drilling  and  reaming 
oi  a  Longeron.  The  structure  is  aluminum  approximately 
1.000"  thick  at  the  surface  to  be  drilled  and  reamed  and 
the  hole  being  inspected  is  sized  at  0. 3745"/0.3755"  by 
Engineering. 

II.  SUMMARY : 

A.  Only  three  holes  of  this  set  of  twenty-nine  met  the 
Engineering  tolerance  on  all  of  the  measurement  points 
within  the  hole.  Twenty-six  (26)  holes  exceeded  the 
Engineering  tolerance  in  amounts  varying  from  0.0001"/ 
0.0002"  on  Hole  #18,  to  a  maximum  of  0.0013"  oversize 
at  Hole  #26.  All  of  the  remaining  oversize  holes  ranged 
between  tlie  extremes  of  Holes  #18  and  #26.  Generally, 
a  spread  of  0.0001"/0.0006"  covers  these  holes.  Inspec¬ 
tion  was  performed  by  "thru-hole  air  probe". 

The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  a  composite  traceable  to  the  following 
for  the  production  of  holes: 

1.  Custom  fixture  design  for  Interface  control/inter- 
changeabillty  reliability  and  Desoutter  drill 
adaptation. 

2.  Desoutter  drill/reaming  method  and  accessories  for 
production  of  the  holes. 

3.  Planning  is  excellent  for  inspection  traceability 
on  holes. 

*  DRILL  METHOD  CODING;  Q-2  *  Quackenbush,  Air  Power  Reamer, 

Mechanical 

Desoutter  drill/reaming  &  accessories. 
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4.  Morale  among  production  personnel  is  high.  The 
attributes  of  pride  and  craftsmanship  are  evident 
in  the  quality  of  work  produced. 


The  technician  responsible  for  production  of 
these  holes  was  truly  concerned  over  the  fact  that 
his  Job  station  showed  a  consistent  oversize  hole 
condition.  He  expressed  a  desire  to  pursue  a 
cause/corrective  action  liaison  with  tooling/ 
supervisory  personnel  to  eliminate  the  problem. 


B.  A  Desoutter  manually  operated  rack  feed  drill  was  used 
for  the  drill  and  finish  reaming  operations  on  these 
holes.  Characteristically  the  three  holes  which  met  the 
Engineering  limits  also  showed  a  trend  toward  the  high 
limit.  Using  the  Hole  Profile  Data  of  the  Statistical 
Printout,  possible  causes  for  the  oversize  condition 
in  this  set  of  holes  may  be  laid  to  the  following: 


1.  Spurs  in  the  profile  are  suggestive  of  chip  load  and 
occur  at  various  levels. 


2.  Irregularities  in  manual  feed  rate. 

3.  Wobble  owing  to  the  weight  moment  of  the  drill  in 
handling  during  drill/ream  operations. 

4.  Reamer  condition  (size  and  condition  of  the  tool). 
Considering  the  care  of  drills/reamers  at  this 
facility  and  its  system  of  use/return/recheck  prior 
to  reuse.  Item  //4  is  rather  remote. 


III.  CHARACTERISTICS; 
A.  Hole  Size: 


All  holes  except  Hole  #21,  #28  and  #29 
exceeded  the  allowable  Engineering 
criterion  of  0. 3745'70,3755" .  The 
individual  sizes  are  provided  in  the 
Computer  Data  Printout.  Measurements 
were  taken  at  36  locations  within  each 
hole. 
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III.  A.  (Continued) 


With  the  exception  of  Hole  #10  and  Hole 
#26  which  exhibited  a  maximum  size  of 
0.0011"  and  0.0013"  respectively,  the 
remainder  of  the  set  were  grouped  around 
an  oversize  value  ranging  between  0.0001" 
to  0.0006". 

The  following  conditions  are  suggestive 
of  the  probable  causes  for  the  oversize 
end  product; 

1  -  Tolerance  of  only  +  0.0005"  on  a 

long  engagement  hole. 

2  -  Manual  feed  control  causing  irregular 

loading  on  the  reamer. 

3  -  Inadvertent  wobble  caused  by  Desoutter 

handling  by  the  operator  during 
drill/reaming. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 

was  0.000776"  at  hole  #23.  Individual 
holes  within  this  set  (36  measurements 
per  hole)  ranged  to  as  low  as  0.000078" 
at  Hole  #21. 

The  cause  for  the  slight  ovality  spurs 
within  this  set  of  holes  is  considered 
the  result  of  chip  load  since  it 
generally  occurs  deep  Inside  the  hole 
and  tapers  when  considering  the  four 
(4)  plane  level  readings. 

C.  Perpendicularity:  Characteristic  is  assured  by  custom 

fixturing.  Part  design  has  slight  taper 
with  regard  to  holes. 

D.  Straightness:  Straightness  Is  within  Engineering 

design  tolerance  as  indicated  by  the 
profile  analyses. 
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E.  Barrelling: 


F.  Bellmouthlng: 


G.  Hole  Texture: 


H.  Burrs: 


I.  Surface  Finish 


Holes  #11,  #12  and  #15  evidence  a 
barrelling  characteristic  as  indicated 
by  the  profile  analyses. 

Hole  #25  contains  a  doubi a  bellmouth 
gy^dent  as  indicated  by'  the  profile 
analyses. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes. 

This  set  of  holes  was  drilled  and  reamed 
through  one  solid  flange  and  was  debarred 
satisfactorily  in  the  normal  process  plan 
work  Instructions. 

All  holes  of  this  set  exhibited  a  surface 
finish  of  "100  AA"  or  better.  Optical 
Surface  Comparator  was  used  in  this 
inspection.  Surface  was  smooth  and 
shiny . 
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DRILL  METHOD  H-1 


RANKING  NUMBER  23  * 
HOLE  SIZE  0.2500"/0.2540" 


I.  OVERVIEW : 

A.  This  set  of  production  holes  features  drilling  of  a 
structure,  approximately  0.687"  thick.  This  is  an 
aliiTni mini  stack-up  of  three  (3)  laminates  (-001  machined 
fitting,  web  and  -003  machined  fitting).  The  subject 
hole  is  sized  by  Engineering  at  0.2500"/0.2540"  for 
HlLok  fastener  installation.  Type  II,  per  STP  2006. 

II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  survey  inspection.  The  method  of  production  util¬ 
ized  a  pilot  drilled  -001  machined  fitting  to  assure 
basic  hole  location.  These  holes  were  drilled  on 
assembly  by  hand-held,  air  powered  drill  motor  for 

all  drilling  operations.  Reaming  was  not  planned 
nor  performed  to  obtain  the  final  hole  sizing. 

Several  drilling  operations  were  performed  to  arrive 
at  the  final  hole  size.  Drill  stalling  w^is  an  in¬ 
frequent  occurrence  on  this  series  of  holes,  and 
most  probably  was  a  product  of  less  material  removal 
between  the  drill  steps  leading  up  to  final  sizing 
of  tlie  structure  being  drilled.  Inspection  measure¬ 
ments  were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  These  holes 
disclose  a  measurement  distribution  whose  arith¬ 
metical  average  is  0.250414"  for  the  set  of 
twenty-nine  (29)  holes.  Only  four  (4)  of  the  holes 
of  this  series  disclosed  a  size  configuration  in 
very  minor  conflict  with  the  low  limit  (0.2500") 
criterion  established  by  Engineering.  These  holes 
were  of  good  quality  but  a  trifle  undersize. 


*  DRILL  METHOD  CODING:  H-1  -  Hand-held  drill.  No  Reaming. 
Pilot  drilled  -001  machined  fitting.  Hand-held,  air  pow¬ 
ered  drill.  No  reaming. 
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II.  B.  (Continued) 

The  entire  set  of  lOAA  hole  measurements,  per 
disclosure  on  the  Executive  Summary  Histogram  for  this 
set,  are  populated  at  the  0.250000"/0. 251000"  area 
of  the  Histogram.  This  close  association  to  the 
low  limit  of  the  tolerance  supports  the  suspicion 
that  a  1/4"  drill,  sized  at  its  acceptable  low 
limit  tolerance  (0.2490"),  per  American  Standard 
Twist  Drill  Tolerance,  was  used  in  the  final  dril¬ 
ling  operation.  The  geometric  features  of  this  set 
of  holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  these  holes: 

1.  Custom  designed  fixturlng  ensures  interchange- 
ability  and  location  reliability  of  the  basic 
structure. 

2.  Hand-held,  air  powered  drill  method  and  acces¬ 
sories  produces  good  basic  holes.  Accessory 
tooling  was  a  drill  block,  secured  by  deco 
clampi*'g  in  a  preceding  hole  to  stabilize  the 
tooling  against  "roll-over"  during  drilling. 

Drill  block  is  similar  to  spacematic  drill 
locating. 

3.  Reaming  was  not  planned  nor  employed  to  obtain 
the  final  hole  size. 

4.  Planning  is  very  good,  providing  adequate  work 
instructions  and  definition  of  inspection 
requirements. 

III.  CHARACTERISTICS ; 

A  Hole  Size:  These  are  excellent  holes.  1044 

data  entries  were  accrued  for  the 
series  of  twenty-nine  (29)  holes. 

The  arithmetical  average  for  the  set  ,• 
at  0.250414"  is  an  ideal  attribute 
considering  the  0. 2500"/0. 2540" 
established  Engineering  Criterion. 
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III. 


A.  CContlnued) 


This  series  of  holes  additionally 
Is  exceptionally  good  on  "roundness". 
In  several  cases  only  0.000r'/0.0002" 
separates  the  36  measurements  made 
In  each  hole. 

a.  A  1/4"  drill  sized  at  0.2490"  Is 
suspected  as  the  drill  used  for 
the  final  hole  since  all  of  the 
holes  are  clustered  at  0.250" 

to  0.251"  measurement  distribution. 

b.  Holes  //4,  //21,  //23  and  //24 
exhibit  the  undersize  features. 

1.  Hole  Individual  Profile 
discloses  the  0°  and  45°  axes 
to  be  excessively  side  loaded 
with  regard^to  the  remaining 
90  and  135  axes.  Operator 
Instability  during  drilling 
Is  suggestive  of  this 
characteristic  Inside  the  hole. 

2.  Hole  //21  discloses  only  two 
(2)  measurements  undersize. 
These  occur  at  Level  //4  and 
#5  on  the  90  orientation 
axis.  Both  are  discounted  as 
particle  contamination  on  the 
air-probe  and  not  a  hole 
defect  condition. 

3.  Hole  //23  Is  an  Ideal  candidate 
In  support  of  the  0.2490" 
drill  size.  Individual  Hole 
Profile  Printout  discloses  a 
tapered  condition,  largest  at 
the  base  of  the  hole  and  prog¬ 
ressively  diminishing  in  dia¬ 
meter  (4  to  5  plane  levels) 
into  the  hole.  Chip  load 
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III.  A.  (Continued) 


bulid-up  is  the  most  probable 
cause  for  the  taper  in  Hole  //23. 

4.  Hole  #24  is  insignificant  on 
its  undersize  condition.  Less 
than  0.0001"  separates  the 
entire  series  of  thirty-six 
(36)  measurements.  This  hole 
is  excellent. 

c.  Holes  #7,  #8,  #11.  #13,  #18,  #24 
and  #26  are  nearly  perfect  holes. 
Considering  the  overall  depth  of 
the  hole  at  approximately  11/16", 
hand-drilling  and  minimal  assist 
tooling,  these  holes  are  "testbook 
specimens." 

d.  The  Individual  Histograms  disclose 
a  normal  Gausian  Distribution 
signifying  a  harmonious  marriage 
of  process,  tooling  and  operator 
personnel . 

B.  Ovality:  Hole  #4  revealed  a  maximum  ovality 

within  the  set  and  was  recorded  at  a 
magnitude  of  0.001388",  at  level  #5 
on  the  45°-135°  axes.  Ovality  was 
induced  by  operator  side  loads  as 
described  in  item  lII.A.b.l. 

Ovality  was  not  a  cause  for  concern  on 
this  set  of  holes.  Holes  #7  and  #24 
recorded  values  as  low  as  0.000060" 
and  0.000052"  for  this  feature.  There 
are  no  ovality  conditions  in  this  set 
which  exceed  the  Engineering  Criterion. 

C.  Perpendicularity:  The  structure  geometry  would  not 

permit  inspection  via  the  Angle/ 

Azimuth  Gaging  Device,  therefore  veri¬ 
fication  of  perpendicularity  was  veri¬ 
fied  by  sample  fastener  installation 


(Continued) 


and  head  gap  inspected.  The  holes 
were  normal  to  the  longitudinal  axis 
of  the  holes  and  acceptable  to  establi¬ 
shed  Engineering  Criterion. 

Straightness:  Straightness  is  within  Engineering  design 

tolerance  as  indicated  by  profile  analyses. 


Barrelling:  Hole  #4  Individual  Profile  reveals  a 

vepy  subtle  barrelling  feature  which  is 
the  result  of  drill  operator  Instabil¬ 
ity.  The  feature  does  not  exceed  the 
tolerance  permitted  by  Engineering  and 
there  were  no  other  barrelled  holes 
within  this  set. 

Bellmou.hing:  Evident  in  every  minute  and  subtle 

amounts  as  indicated  by  Holes  #1, 
itl5,  #23  and  #25.  Various  other  holes 
of  this  set  exhibit  the  same  condition 
at  either  their  entrance  or  exit 
planes  of  drilling;  however,  none  of 
the  conditions  exceed  the  allowable 
Engineering  tolerance. 

Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very 
good  interior  wall  texture.  There 
was  only  an  occasional  very  shallow 
angle  rifling  when  inspected  by 
Sight  Pipes  at  3X  magnification. 

There  were  no  chatter  marks  nor 
vertical  scoring  in  these  holes. 

3urrs:  This  set  of  holes  was  drilled  through 

a  laminated  stack  and  was  debarred 
satisfactorily  in  the  normal  process 
plan  work  Instructions. 

Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  of  "100  AA"  or  better. 
Optical  surface  comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny . 


DRILL  METHOD  S-1 


ranking  number  24  * 

HOLE  SIZE:  0. 2460"/0. 2500" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  of  the 
Skin  to  Rib,  Mid-Inboard  Flap  Assembly.  The  structure 
is  an  all  aluminum  stack  whose  thickness  in  the  area 
to  be  surveyed  is  approximately  0.50".  The  subject 
hole  is  sized  by  Engineering  at  0. 2460'70. 2500  for 
installation  of  Flush  Hi— Lok  bolts. 


II.  SUMMARY: 

A  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  All  holes  of  this  set  are  in  complete 
compliance  with  all  Engineering  criterion.  Measurement 
data  was  accumulated  at  sixteen  (16)  locations  within 
each  hole  via  "thru-hole"  air  probe.  Quality  of  the 
holes  will  be  discussed  in  detail  in  paragraph  III. 
along  with  other  geometric  features  of  these  holes. 

B  Reference  Executive  Summary  by  Data  Lot.  This  set 

discloses  a  Measurement  distribution  whose  arithmetical 
average  is  0.248114"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  is  an  excellent  feature  since  it 
resides  at  the  mid-point  of  the  Engineering  tolerance 
range. 

C.  The  Computer  Statistical  Printout  for  this  series  of 

holes  provides  composite  clues  traceable  to  the  following 
for  the  production  of  very  good  holes: 

1.  Custom  designed  flxturing  ensures  interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Spacematlc,  air  powered  drill  and  accessory  tooling 
produces  good  holes  at  assembly  without  follow- 

on  reaming. 

*  DRILL  METHOD  CODING:  S-1  -  Spacematlc  -  One  Shot-No  Reaming 

Spacematlc.  air  powered  drill  and  accessory  tooling. 
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II.  C.  (Continued) 


3.  Reaming  was  not  a  requirement  in  the  production 
of  these  holes. 

4.  A  Tool  Set-Up  Station  is  maintained  in  the  vicinity 
of  the  work  area.  Spacematlc  drills  are  set  up 
and  adjusted  by  a  tooling  specialist  who  performs 

a  sample  run  to  ensure  proper  operation  and  ad¬ 
justment  on  tooling.  The  dividend  of  this  concept 
is  good  production  holes  at  this  facility. 

5.  Planning  is  very  good,  providing  adequate  work 
instructions  and  definition  of  Inspection  require¬ 
ments  . 

III.  CHARACTERISTICS ; 

A.  Hole  Size:  464  data  measurements  were  accrued  for 

the  series  of  twenty-nine  (29)  holes. 
The  arithmetical  average  for  the  set, 
0.248114",  is  an  ideal  characteristic 
in  regard  to  the  Engineering  criterion 
of  0.2460'70.2500".  This  is  a  very 
good  series  of  holes  on  size.  Refer¬ 
ence  to  Computer  Individual  Hole  Print¬ 
out  discloses  the  following: 

1.  Seven  (7)  holes  are  nearly  perfect 
with  their  total  spread  of  sixteen 
(16)  measurements  per  hole  having 
recorded  the  following  range: 


Hole  // 

Range 

Comment 

1 

0.000422" 

See  Note* 

3 

0.000335" 

5 

0.000302" 

6 

0.000302" 

7 

0.000391" 

11 

0.000460" 

29 

0.000466" 
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III.  A. 


(Cont inued) 


Note*  Generally  a  very  subtle  ov- 
allty  at  the  start  plane  of 
drilling  or  at  the  exit  plane 
is  the  feature  accounting 
for  otherwise  perfectly 
drilled  holes. 

2.  The  remainder  of  the  holes  compris¬ 
ing  the  series  comply  with  all 
Engineering  tolerance  criterion  on 
size  and  shape.  Reference  Executive 
Summary  Histogram.  The  data  popul¬ 
ation  discloses  spikes,  prior  to  and 
after  the  0.248000"  reference,  rather 
than  a  Normal  Gausian  Distribution. 
Cause  for  the  data  distribution 
spread  Is  explained  as  follows  in 
item  III.  A.  3. : 

3.  Reference  Individual  Hole  Computer 
Printout.  Two  (2)  characteristics 
detract  from  otherwise  excellent 
holes  and  are  identified  as  follows: 

a.  Bellmouth  and/or  taper  at  the 
entrance  vicinity  of  the  holes. 
Holes  if  2,  /M,  if  9,  if  lb,  it  17  and 
iflk  are  representative  examples. 

b.  Bellmouth  and/or  taper  at  the 
exit  vicinity  of  the  holes. 

Holes  if 22,  if 23,  if 25,  //26  and 
#27  are  representative  examples. 

The  cause  for  the  taper  featured 
at  the  start  plane  of  the  holes 
is  suggestive  of  minor  drill 
"seeking"  of  the  tip  on  drill 
entry  since  the  oval  feature  is 
rather  uniform  at  all  axes  of 
measurement. 
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III.  A. 


(Continued ) 


Oval! ty ; 


The  cause  for  the  taper  and/or  bell- 
mouth  at  the  exit  vicinity  of  the 
holes  is  suspected  as  drill  heat 
generated  by  the  absence  of  coolant. 
The  exit  areas  also  are  uniform  on 
axis  distribution  of  the  taper 
feature  suggesting  chip  load  build¬ 
up  prior  to  breakout. 


Reference  Executive  Summary  by  Data  Lot 
The  range  of  measurements  for  this  set 
is  0.002155"  as  an  aggregate  series  and 
all  measurements  are  within  the  toler¬ 
ance  allowables  of  0. 2460"/0. 25500" . 
Individual  Hole  Computer  Printout  dis¬ 
closes  the  range  of  measurements  to  be 
very  good.  Only  four  (4)  holes  slight¬ 
ly  exceeded  0.001"  total  ranges  and  are 
displayed  as  follows  in  Increasing 
order  of  magnitude: 


Hole  //  Range 

25  0.001017" 
U  0.00)038" 
21  0.001276" 
19  0.001664" 


All  other  holes  of  the  set  were  less” 
than  0.001"  in  total  range  of  measure¬ 
ments  . 

The  reader  is  reminded  of  the  fact  that 
the  Profile  Displays  on  the  Computer 
Printout  when  exhibited  by  the  figure 
"0",  Is  representative  of  0.0001"  per 
"0";  thus,  it  follows,  we  are  dealing 
in  very  minute  deviations  in  this  series 
of  holes. 

Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #19  and  discloses  a 
value  of  0.001054"  at  plane  level  #1 
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III.  B.  (Continued) 


on  the  0°-90°  axes.  Enlargement  at  the 
entrance  p]-.ne  of  measurements  most 
probably  is  the  result  of  "drill  grab" 
at  its  start  into  the  hole.  The  magni¬ 
tude  is  well  within  the  Engineering 
tolerance  criterion  and  is  not  a  detract¬ 
ing  feature  for  hole  quality  and  disap¬ 
pears  at  its  next  plane  of  measurements. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual  Hole 
Computer  Printout  discloses  all  holes  to 
be  extremely  good  on  the  ovality  measure¬ 
ments.  None  of  the  holes  of  this  set 
exceeded  the  Engineering  Criterion. 

C.  Perpendicularity:  Hole  size,  on  the  low  side  of  the 

tolerance,  would  not  permit  inspection 
via  the  Angle/Azimuth  Gaging  Device; 
therefore,  verification  of  perpendicul¬ 
arity  was  accomplished  by  sample  faste¬ 
ner  installation  and  head  gap  Inspected. 
The  holes  were  normal  to  the  longitudi¬ 
nal  axis  of  the  holes  and  acceptable  to 
established  Engineering  Criterion. 

D.  Straightness;  Straightness  is  within  Engineering  de¬ 

sign  tolerance  as  indicated  by  profile 
analyses. 

E.  barrelling;  Nonexistent  as  evidenced  by  profile 

analyses. 

F.  Bellmouthing:  Evident  in  minute  and  subtle  amounts  as 

indicated  by  holes  identified  per  item 
III.  A.  3.  a.  and  III.  A.  3.  b.  Various 
other  holes  of  this  set  exhibit  the  same 
condition  at  their  entrance  and  exit 
planes;  however,  none  of  the  conditions 
'  exceed  the  allowable  Engineering  toler¬ 
ance. 
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III.  (Continued) 

G.  Hole  Texture: 


Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
Interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes. 


This  set  of  holes,  drilled  through 
stack-up  of  skin  panel  and  rib  were 
debarred  satisfactorily  in  the  normal 
process  plan  work  instructions. 


I. 


Surface  Finish: 


All  holes  of  this  set  exhibited  a 
surface  finish  of  "100  AA"  or  better. 
Optical  surface  comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  S-1 


RANKING  NUMBER  25  * 
HOLE  SIZE:  0.3080’70. 3130" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  and 
reaming  of  the  Center  Wing  Outboard  Wing  Fitting  to 
Skin  Panel  Assembly-  The  structure  is  an  aluminum 
stack-up  of  tapered  thickness.  The  area  subject  to 
survey  inspection  is  approximately  0.60"  thick.  The 
subject  hole  is  sized  by  Engineering  at  0.3080"/ 

0.3130"  for  HiLok  bolt  installation. 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  survey  inspection.  The  method  of  production  utiliz¬ 
ed  a  heavy  drill  plate  and  fixturing  to  facilitate 
Spacematic,  air  driven  drill  power  head.  Freon  spray- 
mist  coolant  was  used  from  a  gravity  fed,  hand-held 
delivery  wand.  Holes  were  drilled  by  "one-shot" 
spacematic  method  to  their  final  size  configuration  and 
no  reaming  was  planned  nor  employed.  Inspection  measure¬ 
ments  were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.310902"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  is  a  very  desirable  feature  since  it 
resides  at  the  mid-point  vicinity  of  the  Engineering 
tolerance  range.  All  of  the  holes  of  this  set  meet 

the  criterion  established  by  Engineering.  Specific  dis¬ 
cussion  on  the  geometric  characteristics  of  the  holes 
are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  following 
for  the  production  of  very  good  holes: 

*  DRILL  METHOD  CODING;  S-1  =  Spacematic  -  One  Shot  No  Reaming 
Spacematic,  air  powered  drill  &  accessory  tooling. 
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II.  C.  (.Continued) 


1.  Custom  designed  flxturing  ensures  interchangeability 
and  location  reliability  of  the  basic  struqfure. 

2.  Spacematlc,  air  powered  drill  and  accessory  tooling 
produces  good  final  sized  holes  at  assembly  on  a 
"one-shot"  operation. 

3.  A  Tool  Set-Up  Station  is  maintained  in  the  vicinity 
of  the  work  area.  Spacematlc  drills  are  set  up  and 
adjusted  by  a  tooling  specialist  who  performs  a 
sample  run  to  ensure  proper  operation  and  adjust¬ 
ment  on  tooling.  The  dividend  of  this  concept  is 
good  production  holes  at  t ils  facility. 

4.  Planning  is  very  good,  providing  adequate  work 
instructions  and  definition  of  Inspection  requirements. 

III.  CHARACTERISTICS: 


A.  Hole  Size:  928  data  measurements  were  accrued  for 

the  series  of  twenty-nine  (29)  holes. 
The  arithmetical  average  for  the  set 
0.310902",  Is  an  ideal  characteristic 
in  regard  to  the  Engineering  criterion 
of  0.30RO"/0.3130".  This  is  an  ex¬ 
cellent  series  of  holes  on  size.  Ref¬ 
erence  to  Computer  Individual  Hole 
Printout  discloses  the  following: 

1.  Six  (6)  holes  are  nearly  perfect 
with  their  total  spread  of  thirty- 
two  (32)  measurements  per  hole 
having  recorded  the  following  range: 


Hole  // 

Range 

Comment 

4 

0.000405" 

See  Note* 

9 

0.000498" 

14 

0.000474" 

17 

0.000500" 

21 

0.000414" 

28 

0.000491" 
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III.  A. 


(Continued) 


Note*  Generally  a  very  subtle 
*  ovality  at  the  start  plane 

is  the  feature  accounting 
for  otherwise  perfectly 
drilled  holes. 

2.  Six  (6)  holes  exhibit  bellmouth 
and/or  taper  which  is  very  minute 
as  it  approaches  the  exit  plane  of 
the  hole.  A  rather  uniform  straight 
taper  is  featured  in  these  holes, 
increasing  in  diameter  as  depth  in 
the  hole  approaches  the  exit  plane. 
The  subject  holes  and  measurement 
ranges  are: 


Hole  // 

Range 

Comment 

3 

0.000759" 

See  Note  ** 

18 

0.000948" 

20 

0.001345" 

22 

0.001052" 

23 

0.001000" 

29 

0.001317" 

Note**  The  magnitude  of  the  bell- 
mouth  and/or  taper  in  the 
aforenoted  holes  at  worst 
case  is  only  slightly  over 
0.001".  The  computer  print' 
out  discloses  the  profile 
phenomenon.  This  grouping 
of  holes  is  purposefully 
being  discussed  adjacent  to 
the  series  in  item  III.A.l 
to  apprize  the  reader  of 
the  ability  of  the  computer 
to  construct  a  pictorial 
replica  of  the  hole  using 
very  minute  measurement 
differences. 
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III.  A.  (Continued) 


The  general  condition  of  this  series 
of  holes  suggests  possible  freon 
spray-mist  coolant  starvation  during 
the  duty  cycle  of  the  drilling  which 
Induces  drill  heating  and  chip 
loading.  The  consequence  is  hole 
enlargement  to  a  very  small  magni¬ 
tude  which  does  not  exceed  the 
Engineering  tolerar  criterion. 

3.  Very  minor  drill  "seeking"  is 

apparent  at  the  drill  entry  vicinity 
of  several  holds  resulting  in  a 
double  bellmouth  taper  when  coupled 
with  the  coolant  si-arvation  condition 
described  above  in  item  III. A.  2. 
Holes  //I,  #5,  //19  and  #22  provide 
examples  of  the  above  features  in 
the  holes. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 

occurred  at  Hole  #5  and  discloses  a 
value  of  0.001164"  at  plane  level  #1 
on  the  0°-90°  axes.  Slight  enlargement 
at  the  0  -90”  axes  was  most  probably 
induced  by  drill  "seeking"  at  the  start 
of  its  duty  cycle.  The  ovality  is 
slight  and  does  not  exceed  the  Engineer¬ 
ing  tolerance  criterion.  Ovality  was 
not  a  cause  for  concern  on  this  set. 
Reference  to  Individual  Hole  Computer 
Printout  discloses  all  holes  to 
be  extremely  good  on  the  ovality  measure¬ 
ments.  None  of  the  holes  of  this  set 
exceeded  the  Engineering  Criterion. 

C.  Perpendicularity:  Hole  size,  on  the  low  side  of  the 

tolerance,  would  not  permit  Inspection 
via  the  Angle/Azimuth  Gaging  Device; 
therefore,  verification  of  perpendic¬ 
ularity  was  accomplished  by  sample 
fastener  installation  and  head  gap 
inspected.  The  holes  were  normal  to 
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III.  C.  (Continued) 


D.  Straightness; 

E.  Barrelling: 

F.  Bellmouthing: 

G.  Hole  Texture: 

H.  Burrs; 

I.  Surface  Finish: 


the  longitudinal  axis  of  the  holes  and 
acceptable  to  established  Engineering 
Criterion. 

Straightness  is  within  Engineering 
design  tolerance  as  indicated  by  profile 
analyses. 

Non-existent  as  evidenced  by  profile 
analyses. 

Evident  in  very  minute  and  subtle 
amounts  as  indicated  by  Hole  //3,  #18, 

#20,  #22,  #23  and  #29  per  item  III.  A.  2. 
Various  other  holes  of  this  set  exhibit 
the  same  condition  at  their  entrance 
plane  of  drilling;  however,  none  of  the 
conditions  exceed  the  allowable 
Engineering  tolerance. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifl¬ 
ing  when  inspected  by  Sight  Pipes  at 
3X  magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these  holes. 

This  set  of  holes,  drilled  through 
stack-up  of  skin  panel  and  fitting  was 
deburred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a 
surface  finish  of  "100  AA"  or  better. 
Optical  surface  comparator  was  used 
in  this  inspection.  Surface  was 
smooth  and  shiny. 


DRILL  METHOD  H-1 


RANKING  NUMBER  26  * 
HOLE  SIZE  0.185"/0.188" 


I.  OVERVIEW; 

.  A.  This  set  of  production  holes  feature  freehand  drilling 
of  the  Beam  Assembly.  The  structure  is  an  aluminum 
stack-up  approximately  .300"  thick.  The  subject  hole 
is  sized  by  Engineering  at  0. 185"/0. 188". 

Hole  survey  measurements  were  obtained  using  a  Dlatest 
Split-Ball  Gage  that  incorporates  an  Alina  linear 
displacement  measurement  transducer  and  is  coupled  to 
an  Automated  Computer  System  for  data  storage  and 
recovery. 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  Inspection.  The  method  of  production  incorporated 
pre-drilleJ  fuselage  stiffener  basic  hole  locations. 

A  hand-held,  air  powered,  drill  motor  driving  a  double¬ 
margin  piloted  tip  drill  was  employed  to  obtain  a 
"one-shot"  final  sized  fastener  hole. 

Reaming  was  not  required,  nor  planned,  in  order  to 
achieve  final  hole  size  integrity  and  finish  texture. 

B.  Reference  to  the  "Executive  Summary  by  Data  Lot" 
reveals  the  arithmetical  average  for  hole  size  to  be 
0.187652",  not  a  desirable  condition  since  the  low  and 
high  limit  criterion  is  0. 185"/'0. 188"  respectively  as 
established  per  Engineering.  Eight  (8)  holes  reveal 
ou  of  tolerance  measurements.  These  oversize  holes 
along  with  other  specific  characteristics  relating  to 
these  holes  are  discussed  in  detail  at  paragraph  III. 

C.  The  computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  follow¬ 
ing  for  the  production  of  satisfactory  holes; 

*  DRILL  METHOD  CODING;  H-1  *  Hand-held  Drill,  No  Reaming. 

Hand-held,  air  powered  drill  driving  a  double  margin  piloted 
tip  drill.  No  reaming. 
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II.  C.  (Continued) 


1.  Custom  designed  assembly  flxturlng  ensures  structure 
alignment  and  positioning  reliability. 

2.  Hand-held,  air  powered  drill  motor  and  piloted  tip 
drill  are  adequate  to  the  production  of  finished 
holes.  Reaming  not  a  requirement. 

3.  Detail  planning  is  adequate  for  the  definition  of 
the  operational  steps  required  to  produce  the  part 
and  hole  Inspection  requirements. 

III.  CHARACTERISTICS ; 

A.  Hole  Size;  a.  Reference  "Executive  Summary  by  Data 

Lot".  232  measurements  were  accrued 
for  this  series  of  twenty-nine  (29) 
holes.  The  arithmetical  average  for  the 
set  is  0.187652". 

b.  The  Executive  Summary  Histogram  reveals 
the  data  distribution  to  be  totally 
populated  about  the  0.187000"  to 
0.188000"  zone  and  beyond ,  into  an  out 
of  tolerance  situation.  This  trend  is 
not  out  of  the  ordinary  considering  the 
absence  of  guide  tooling  such  as  hand¬ 
held  drill  bushing  and  the  known  in¬ 
herent  instability  of  the  drill  tech¬ 
nicians  where  there  is  an  absence  of 
assist  tooling.  The  relative  thinness 
of  the  structure  being  drilled  also 
contributes  to  the  probability  of 
producing  oval  and  enlarged  holes  when 
free-hand  drilling. 

c.  The  eight  (8)  oversize  holes  are  dis¬ 
tributed  as  follows: 

Holes  #1,  //2  and  //29  disclose  their  over¬ 
size  feature  at  the  start  plane  of 
drilling. 
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III.  A.  c. 


(Continued) 


B.  Ovality; 


Hole  //I  maximum  oversize  recorded  at 
0.000250"  at  Level  #1  on  its  45  axis. 

Hole  #2  maximum  oversize  recorded  at  ^ 
0.000310"  at  Level  111  on  its  0  and  45 
axis . 

Hole  1129  maximum  oversize  recorded  at 
0.000353"  at  Level  III  on  its  45  and 
90°  axis. 

Hole  #10  and  #16,  less  significant, 
disclosed  their  maximum  oversize  con¬ 
ditions  to  be  0.000172"  and  0.000181 
respectively.  Both  occurred  at  their 
0°  axes  and  at  the  exit  plane  (Level 
112)  of  the  drilling. 

Freehand  drilling  and  relative  thinness 
of  the  structure  being  drilled  is  the 
suggested  cause  of  the  slight  oversize 
conditions  for  these  holes.  Historical¬ 
ly,  depth  accumulation  on  drilling  im¬ 
proves  the  condition  of  the  holes  on 
size,  roundness  and  other  geometric 
features  where  freehand  or  minimal 
guide  tooling  is  used. 

Holes  #6,  #7  and  #8  exhibit  full  depth 
oversize  conditions.  Cause  and  correc¬ 
tion  are  the  same  as  the  previous  dis¬ 
closure. 

Hole  117  exhibited  the  greatest  ovality 
of  the  set  at  0.000474".  Ovality  was 
not  a  problem  for  this  set  since  all  of 
the  holes  were  within  the  Engineering 
tolerance.  Insufficient  depth  on  this 
lot  of  holes  prevented  the  accumulation 
of  significant  data  to  establish  true 
geometric  features  in  the  holes. 
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III.  (Continued) 


Perpendicularity:  Insufficient  hole  depth  precludes 

accurate  measurement.  Fastener  head 
gap  was  employed  to  verify  perpendic¬ 
ular!  tv  acceptance. 


D.  Straightness: 


Straightness  is  within  Engineering 
design  tolerance  via  gage  acceptance 
by  the  holes  and  fasteners. 


E.  Barrelling:  Insufficient  data  elements  owing  to 

shallow  depth  of  hole  to  obtain  mean 
Ingful  data  for  analysis. 


F.  Bellmouthing: 


Generally  present  by  virtue  of  free¬ 
hand  drilling  technique.  Item  III.  A 
provides  narrative  disclosure  on  over¬ 
size  holes  which  in  general  are 
"bellmouthed".  Greater  hole  depth 
would  have  disclosed  more  positive 
feature  trend. 


G.  Hole  Texture: 


Rifling,  Scratches,  Chatter  marks. 
There  was  only  an  occasional  very 
shallow  angle  rifling  when  inspected 
by  Sight  Pipes  at  3X  magnification. 
There  were  no  chatter  marks  nor  verti¬ 
cal  scoring  in  these  holes. 


Assembly  was  disassembled  and  debarred 
satisfactorily  in  the  normal  process 
plan  work  instructions. 


I. 


Surface  Finish: 


All  holes  of  this  set  exhibited  a 
surface  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  MS 
RANKING  NUMBER  27  * 
HOLE  SIZE:  0.1870’70.1885" 


I.  OVERVIEW; 


A.  This  set  of  production  holes  features  drilling  and  reaming  of  a 
Wing  Front  Spar  Assembly.  The  assembly  Is  approximately  0.30" 
thick  In  the  area  being  surveyed  and  the  subject  holes  are  sized 
per  planning  at  0.1870"/0.1885"  for  installation  of  3/16"  HlLok 
Fasteners. 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey. 
The  method  of  production  featured  a  track  mounted  air  powered  drill 
for  preliminary  holes.  Location  was  controlled  via  drill  plate  with 
Integral  fixed  drill  bushings.  Reaming  of  the  holes  follows  to 
achieve  final  Engineering  size.  Measurement  data  was  accumulated 

at  sixteen  C16)  locations  within  each  hole  via  "thru-hole"  air 
probe. 

B.  Reference  "Executive  Summary  by  Data  Lot."  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  Is  0.188355" 
for  the  set  of  twenty-nine  (29)  holes.  The  aforenoted  average, 
very  close  to  the  extreme  high  limit  of  the  Engineering  tolerance, 
supports  the  conclusion  that  a  process  review  is  apropos  to  reverse 
the  trend  toward  an  out  of  tolerance  processing  operation. 

An  inherent  bellmouth  and/or  taper  is  apparent  throughout  these 
holes  resulting  in  a  chronic,  slightly  oversize  condition  In  most 
of  the  holes  of  this  series. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes. 
Including  the  exception  above,  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  flxturlng  ensures  interchangeability  and 
location  reliability. 

2.  A  track  mounted,  air  driven  power  unit  produces  preliminary 
holes  prior  to  reaming  to  their  final  Engineering  size. 

*  DRILL  METHOD  CODING:  MS  -  Miscellaneous  Systems  - 

Track  Mounted  Drill 

Track  mounted,  air  driven  power  unit  w/alr  powered  drill 
driving  a  piloted  reamer. 
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1 


3. 


4. 


Reaming  is  accomplished  via  the  same  air 

a  plloted  reamer  to  acquired  final  hole  size  at  0.1870  /0.1885  . 


Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements. 


III.  CHARACTERISTICS ! 
A.  Hole  Size: 


464  data  measurements  were  accrued  for  the  series 
of  twenty-nine  (29)  holes.  The 

the  set,  0.188355*',  is  a  direct  result  of  the  Inherent 
bellmouth  feature  exiting  on  the  holes. 

1.  Reference  Individual  Hole  Computer  Printouts. 

The  bellmouth  feature  exists  at  the  Pj“* 

the  holes  in  regard  to  the  direction  of  drilling 
and  reaming.  The  magnitude  of  taper  la  •JJSnt. 
exhibiting  a  maximum  of  0.0008  at  Holes  #14 
#15.  The  remainder  of  holes  are  less  on  the  taper 

feature.  -  uj 

Cause  of  the  taper  is  suggestive  of  chip  load 
induced  as  a  function  of  the  bushings  bearing  against 
the  hardware  being  drilled.  Chip 
senerally  is  associated  with  such  tooling  confl^r 
atlon  and  results  in  chip  load  enlargement  of  the 
atr  their  exit  plane  vicinities. 


2  Reference  Holes  #14  and  #15  Computer  Printouts, 
th...  .p.cl-«  ..hlbit  th. 
feature  at  0.0008",  they  remain  acceptable  from  the 
standpoint  of  quality  and  Engineering 

ctUetion.  Hol.  #U  « 

spur  at  0.188543"  at  its  90  axis  and  0.188655  at 

the  135°  axis.  Both  occur  at  the  exit  plane  of  the 
hole  and  are  the  result  of  Irregular 
on  reaming.  The  location  of  these  spikes 
magnitudes  are  not  considered  an  Impact  on  hole 
quality  by  this  analysis. 

3  Reference  Individual  Hole  Conqwiter  Printouts.  Six 
identified  Holes  #7,#8.#10,#23,#25  and 

All  tixt^raermeasuremants  o^/***;* 1^500" 

In  of  these  specimens  feature  the  -Uf  t  ^P« 
rhelr  exit  plane  of  maasuremants  in  addition  to  their 
basic  oversize  condition.  Generally,  0.0005"  defines 
the  taper  existing  in  these  holes.  ^ 

Cause  for  the  oversize  and  taper  is  attributed  to 
chip  load  build-up  due  to  insufficient  clearance 
bet^en  the  drill  guide  bushings  and  the  structure 
being  drllled/reamed. 
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3.  Reaming  la  accomplished  via  the  same  air 

a  piloted  reamerto  acquired  final  hole  size  at  0.1870  /0.1885  . 

4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements. 


III.  CHARACTERISTICS; 
A.  Hole  Size; 


464  data  measurements  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  t**' 

the  set,  0.188355”,  is  a  direct  result  of  the  Inherent 
hallniouth  feature  exiting  on  the  holes. 


1.  Reference  Individual  Hole  Computer  Printouts. 

The  bellmouth  feature  exists  at  the 
the  holes  in  regard  to  the  direction  of  drilling 
and  reaming.  The  magnitude  of  taper  is 
exhibiting  a  maximum  of  0.0008"  at  Holes  #14  an 
#15.  The  remainder  of  holes  are  less  on  the  taper 

feature.  ,  ...  .  , 

Cause  of  the  taper  is  suggestive  of  chip  load 
induced  as  a  function  of  the  bushings  against 

the  hardware  being  drilled.  Chip 

generally  is  associated  with  such  tooling  confi^r- 
ation  and  results  in  chip  load  enlargement  of  the 
holes  at  their  exit  plane  vicinities. 

2.  Reference  Holes  #14  and  #15  Computer  Printouts. 

AitIJui.  th...  .p.ci«n.  .*iMt  th. 

feature  at  0.0008”,  they  remain  acceptable  from  the 

.tMdpolnt  of  <io.llty  Md  B«,l<i..rlng  . 

crlMtloo.  Hol.  #1*  dl.cloj..  .  y.ry 

spur  at  0.188543”  at  its  90  axis  and  0.188655  at 

the  135°  axis.  Both  occur  at  the  exit  plane 

hole  and  are  the  result  of  Irregular 

on  reaming.  The  location  of  these  spikes  “d  ^elr 

magnitudes  are  not  considered  an  impact  on  hole 

quality  by  this  analysis. 

3.  R.£.r«.c.  Indlvldu.!  Hol.  id* 

(6)  holes,  identified  Holes  #7,#8,#10,#23,#25  and 

Ml  Mxt^'aermaasuremants  j;°}!^t*n88500” 

values  in  excess  of  the  Engineering  high  limit  0.18850U 

III  :;  S.“  *.«»«  th.  .Uf  t  «p.r  t^rd 

their  exit  plane  of  measurements  in 

basic  oversize  condition.  Generally,  0.0005  defines 

the  taper  existing  In  these  holes.  ^ 

Cause  for  the  oversize  and  taper  is  attributed  t 
chip  load  build-up  due  to  insufficient  clearance 
SetSeen  the  drill  guide  bushing,  and  the  structure 
being  drilled/reamed. 
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4.  Reference  Individual  Hole  Computer  Printouts.  Several 
other  holes  of  this  set  exhibit  oversize  dimensions. 
They  are  identified  Hole  yAl,#6«#ll,#13,#16,#17,#20, 

#28  and  #29.  These  holes  are  similar  in  features  to 
the  previously  discussed  holes  in  that  the  feature 
resulting  in  their  oversize  conditions  is  taper  and/or 
bellmouth  occurring  at  their  exit  plane  vicinities. 
Cause  has  been  previously  defined  and  associated  with 
chip  load  build-up. 

5.  Reference  Executive  Sumnary  Histogram. 

The  d#ta  profile  for  this  set  populates  the  entire 
tolerance/oversize  zones  and  features  various  spikes. 
The  data  is  indicative  of  the  hole  variations  exper¬ 
ienced  via  the  bellmouth  feature  discussed  in  the 
aforementioned  text. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hole 

#7  and  discloses  a  value  of  0.000776"  at  plane  level  #1 
on  the  45”- 135^  axes.  Hole  #7  Individual  Profile  discloses 
a  lead-in  ovality  enlargement  at  its  entrance  plane.  The 
condition  is  suggestive  of  chatter  center  seeking  at 
start  of  reaming  resulting  In  sliglit  oval  enlargement  of 
the  hole. 

Ovality  was  not  a  cause  for  concern  on  this  set. 

Reference  to  Individual  Hole  Computer  Printout  discloses 
all  holes  to  be  very  good  on  ovality  measurements.  None 
of  the  holes  of  this  series  exceeded  the  Engineering 
tolerance  for  ovality. 

C.  Perpendicularity:  The  Spar  Assembly  geometry  would  not  permit  inspec¬ 

tion  via  the  Angle/Azimuth  Gaging  Device;  therefore, 
verification  of  perpendicularity  was  accoiq>lished  by 
sample  fastener  installation  and  head  gap  inspected. 

The  holes  were  normal  to  the  longitudinal  axis  of  the 
holes  and  acceptable  to  established  Engineering  Criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  None-existent  as  evidenced  by  profile  analyses. 

F.  Bellmouthing:  Evident  throughout  this  set  in  varying  amounts  as 

indicated  per  item  III.A.l.  The  holes  of  this  group 
exhibit  the  bellmouth/taper  condition  at  their  exit 
plane  of  drilling  and  reaming.  Cause  has  been  related 
to  chip  load  build-up. 
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G.  Hole  Texture:  Rifling,  Scratchee,  Chatter  marks.  This  set  of  holes 

exhibited  a  very  good  interior  wall  texture.  There  was 
only  very  shallow  angle  rifling  when  inspected  by  Sight 
Pipes  at  3X  magnification.  There  were  no  chatter  marks 
nor  vertical  scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  through  stack-up  of  web  and 

spar  cap,  was  deburred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  exhibited  a  surface  finish 

of  "lOQAA"  or  better.  Optical  surface  Comparator 
was  used  in  this  inspection.  Surface  was  smooth  and' 
shiny. 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  28  * 
HOLE  SIZE:  0.625"/0.630" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  Quackenbush  dril¬ 
ling  and  reaming  of  a  Fuselage. 

The  structure  is  all  aluminum  approximately  0.87"  thick 
and  is  the  fuselage  wing  root  attach  point  area.  The 
subject  hole  is  sized  by  Engineering  at  0. 625"/0. 630" . 

II.  SUMMARY: 

A.  Twelve  (12)  holes,  representative  of  three  (3)  ship 
sets,  were  available  in  this  structure  for  survey 
Inspection.  The  method  of  production  was  Quackenbush 
drilling  and  reaming.  Inspection  measurements  were 
obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.628054"  for  the  set  of  twelve  (12)  holes. 
This  value  is  a  very  good  feature  sin.ce  it  resides  at 
the  mid-vicinity  of  the  Engineering  tolerance  range. 

All  of  the  holes  of  this  set  meet  the  criterion  es¬ 
tablished  by  Engineering.  Specific  discussion  on  the 
geometric  characteristics  of  all  holes  are  discussed 

at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  fol¬ 
lowing  for  the  production  of  very  good  holes; 

1.  Custom  designed  fixturing  ensures  interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling 
produces  good  preliminary  holes  at  assembly. 

*  DRILL  METHOD  CODING:  Q-2  =  Quackenbush  -  Air  Power  Reamer 

Mechanical 

Quackenbush,  air  powered  drill  and  accessory  tooling 
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II.  C.  (Continued) 

=a:.”3  7“- 

ments.  Plug  "Go'7"No-Go"  gaging  is  employed  i 
hole  -inspection. 

providing  a  visual  reference  of  the  overall  a 
sembly  concept  to  line  personnel. 


III.  rHARACTERlSTICl; 
A.  Hole  Size: 


576  data  entries  were  accrued  for  the 
series  of  twelve  (12)  holes.  The 
arithmetical  average  for  the  set  is 
0.62805A",  well  below  the  0.630  high 
limit  per  established  Engineering 
Criterion.  This  is  a  very  good  series 
of  holes  on  size  and  shape  features. 
Considering  the  hole  depth 
one  inch,  excellent  profile  data  was 
obtained  on  the  computer  tapes.  The 
most  predominant  geometric 
apparent  via  data  analysis  for  this 
set  is  slight  barrelling  in  several 
of  the  holes.  The  feature  exists  but 
is  well  within  the  tolerance  per 
Engineering  Criterion. 

1.  Basic  hole  size  was  extremely  con¬ 
sistent  as  evidenced  by  the  range 
measurements  of  the  set.  Range 
also  is  the  predominant  factor  in 
determining  hole  shape  for  this 
set.  A  series  of  measurements 
taken  at  forty-eight  (48)  locations 
within  each  hole  yields  the  follow¬ 
ing: 
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III.  A.  (Continued) 


Hole  # 

Range 

1 

0.000638" 

2 

0.000733" 

3 

0.000734" 

4 

0.000466" 

5 

0.000819" 

6 

0.000784" 

7 

0.000405" 

8 

0.000491" 

9 

0.000741" 

10 

0.000759" 

11 

0.000621" 

12 

0.000793" 

.In  the  above  series  of  holes,  Holes 
//I  through  H  equal  one  ship  set. 
Hole  #5  through  #8  and  #9  through 
//1 2  are  the  final  two  (2)  ship 
sets  of  holes. 

2.  Reference  Item  III.  A.  1  and 
Individual  Computer  Printouts. 

Four  (4)  holes.  Identified  Hole 
#2,  #3,  it6  and  iHO  exhibit  an 
extremely  slight  barrelling  effect 
on  their  Individual  Profile  Print¬ 
outs.  In  all  cases  the  cause  Is 
subtle  chip  enlargement  as  depth 
in  the  hole  Is  acquired.  The 
growth  is  relatively  uniform  and 
as  clearance  Is  achieved,  a  decline 
of  chip  load  is  apparent  which  Is 
also  relatively  uniform.  Although 

chip  load-up  is  the  prime  suspect 

for  the  barrelling  feature,  coolant 
starvation  with  accompanying  drill/ 

I  reamer  heat-up  may  also  be  a 

i  contributor  to  the  slight  enlarge- 

j  ment  feature. 

i 

I 

i 

! 

i 

! 
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III.  A.  (Continued) 


B.  Ovality: 


3,  Reference  Individual  Computer  Print¬ 
outs.  Holes  #4,  #7  and  #8  are 
nearly  perfect  specimens  with  only 
occasional  chip  scars  disrupting 
the  individual  hole  profiles. 

A.  Reference  Individual  Hole  Histograms. 
All  hole  Individual  Histograms 
disclose  a  Normal  Gausian  Distribu¬ 
tion  on  data.  Each  hole  exhibits 
an  excellent  data  population.  This 
data  is  indicative  of  tools,  process 
and  personnel  operating  in  harmony. 

Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  //1 2  and  recorded  at 
0.000526"  at  Level  //ll  on  the  0  -90 
axis.  This  value  is  negligible  and  does 
not  cause  quality  degradation  of  the 
hole.  Ovality  was  a  function  of  chip 
spurs  inside  the  hole  that  were  not 
perceptible  to  the  naked  eye. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual  Hole 
Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  ovality  measure¬ 
ments.  None  of  the  holes  of  this  set 
exceeded  the  Engineering  Criterion. 


Perpendicularity:  Holes  tor  this  set  were  f f 

gaging  with  lOX  Azimuth/Angle  Gaging^ 
Device  and  verified  to  be  normal  (90  ) 
to  the  longitudinal  axis  of  the  holes 
and  Butt  Line  plane  milled  on  the 
ae-wii/. at  assembly. 


D.  Straightness: 


E.  Barrelling: 


Straightness  is  within  Engineering  de¬ 
sign  tolerance  as  Indicated  by  profile 
analysis. 

This  characteristic  has  been  addressed 
per  narrative  at  item  III.  A.  2.  The 
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III.  E.  (Continued) 

feature  Is  extremely  slight  and  does  not 
violate  the  tolerance  criterion  establish¬ 
ed  per  Engineering. 

F.  Beilmouthing:  Hole  #1  and  #9  exhibit  a  very  negligible 

taper  per  Individual  Hole  Computer  Pro¬ 
files.  Both  are  very  minute  and  do  not 
exceed  the  Engineering  allowable  criterion. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This 

set  of  holes  exhibited  very  good  Interior 
sidewall  texture.  There  was  occasional 
shallow  angle  rifling  perceptible  on 
several  holes  when  Inspected  by  Sight 
Pipes  at  3X  magnification.  There  were 
no  chatter  marks  nor  vertical  scoring 
in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed 

at  assembly,  were  satisfactorily  de¬ 
barred  in  the  normal  process  plan  work 
Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  between  "63  AA"  to 
"100  AA".  Optical  Surface  Comparator 
was  used  in  this  Inspection.  Surface 
was  smooth  and  shiny. 


DRILL  METHOD  S-2 


RANKING  NUMBER  29  * 
HOLE  SIZE:  0.3090"/0.3110" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  features  drilling  and  reaming  of  a 
Wing  Splice  Installation.  The  structure  is  the  left  hand  wing 
bottom  panel.  The  area  for  hole  survey  is  the  outboard  row  of 
5/16"  fasteners  identified  WZ  10  CHL19PB;  HiLok  Flush  Bolts), 
located  0.68"  inboard  from  the  toe  of  the  main  splice  forging. 
The  assembly  is  approximately  0.60"  thick  in  the  area  being  sur 
veyed  and  the  subject  holes  are  sized  per  planning  at  0.3090"/ 
0.3110". 

II .  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
survey.  The  method  of  production  featured  preliminary  Space- 
matic  drilling  of  the  structure  followed  by  hand  reaming  of  the 
holes  to  achieve  final  Engineering  size.  Measurement  data  was 
accumulated  at  twenty-eight  (28)  locations  within  each  hole  via 
"thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a  ^ 
measurement  distribution  whose  arithmetical  average  is  0.309943" 
for  the  set  of  twenty-nine  (29)  holes.  Normally  the  aforenoted 
average  would  be  considered  a  desirable  feature  since  it  resides 
at  the  mid-point  of  the  Engineering  tolerance  range;  however, 
there  is  an  adverse  Inherent  "bellmouth"  characteristic  through¬ 
out  this  series  of  holes. 

Despite  the  bellmouth  feature,  all  of  the  holes  of  this  set, 
except  Hole  //8,  meet  all  Engineering  criterion. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes, 
including  the  exception  above,  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  pro¬ 
vides  composite  clues  traceable  to  the  following  for  the  production 
of  these  holes: 


*  DRILL  METHOD  CODING:  S-2  ■  Spacematic  -  Hand-held  reaming. 
Spacematic,  air  driven  power  unit  w/hand  reaming. 
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1.  Custom  designed  fixturlng  ensures  Interchangeability  and 
location  reliability. 

2.  Spacematic,  air  driven  power  unit  produces  preliminary  holes 
prior  to  hand  reaming  to  their  final  Engineering  size. 

3.  Reaming  is  accomplished  via  hand-held  air  powered  drill  motor 
driving  a  piloted  reamer  to  acquired  final  hole  size  at 
0.3090"/0.3110''. 

4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements. 

III.  CHARACTERISTICS; 


A.  Hole  Size:  812  data  measurements  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average  for 
the  set,  0.309943",  is  deceptive  in  the  face  of  an 
Inherent  bellmouth  feature  exiting  on  the  holes. 

1.  Reference  Individual  Hole  Computer  Printouts. 

The  bellmouth  feature  exists  at  the  entrance  plane 
of  the  holes  which  is  the  outer  surface  of  the  wing 
*in  regard  to  the  direction  of  drilling.  The  magni¬ 
tude  jf  taper  varies  from  0.002"  at  Hole  (^8  down  to 
basically  0,0003"  at  Hole  #3.  The  condition  in 
itself  does  not  exceed  the  Engineering  tolerance 
(except  for  Hole  (AS) ,  but  it  does  Illustrate  via 
the  Computer  Profile  Printout  that  all  axes  are 
affected  by  taper  and  diminish  at  a  relatively 
consistent  rate  as  depth  in  the  hole  is  achieved. 

The  condition  is  suggestive  of  chatter  (center¬ 
seeking)  of  the  reamer  pilot  since  all  axes  are 
equally  affected  on  magnitude. 

2.  Reference  Hole  #8  Computer  Printout.. 

This  hole  discloses  an  oversize  condition  at  the 
first  plane  level  of  measurements.  The  condition 
achieves  an  in-tolerance  posture  at  the  second  plane 
of  measurement.  Owing  to  the  shallowness  and  magni 
tude  existing  at  only  the  entrance  plane  of  Hole  #6, 
the  condition  is  not  considered  a  detriment  to  hole 
quality  per  this  analysis. 

Reference  note  ^1  on  page  4. 

3.  Reference  Holes  #3,  #13  and  #24  Computer  Printouts. 
Each  of  these  holes  exhibit  an  insignificant  out-of- 
tolerance  spike  as  follows: 
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Hole  #  Snlke  Magnitude  Axis  Affected 


3 

0.311064" 

0 

( 

3 

0.311090" 

45 

( 

13 

0.311121" 

135 

( 

24 

0.311164" 

135 

Center  seeking  at  the  start  of  reaming  resulted  In 
the  noted  data  spikes.  Their  magnitude  Is  not 
considered  a  detriment  to  hole  quality  In  this 
analysis. 

Reference  note  #1  on  page  4. 


B.  Ovality: 


4.  Reference  Executive  Sumnary  Histogram. 

The  data  profile  for  this  set  populates  the  entire 
tolerance  aone  and  features  various  spikes.  The 
data  Is  indicative  of  the  hole  variations  exper¬ 
ienced  via  the  bellmouth  feature  discussed  in  the 
aforementioned  text.  Additionally,  there  Is  an 
inherent  Instability  associated  with  hand-held 
drlll/raamlng  operations  when  assist  tooling  Is 
not  eoiployed  to  help  control  alignment. 


Maximum  recorded  ovality  within  the  set  occurred  at 
Hole  #26  and  discloses  a  value  of  0.001195"  at  plane 
level  #2  on  the  45  -135®  axes.  Enlargement  ovality 
at  this  plane  of  smasurements  results  from  side  loads 
induced  via  operator  Instability  during  reaming  resulting 
in  enlargement  along  the  90  and  135  axes.  The  magnitude 
does  not  exceed  the  Engineering  tolerance  criterion  and 
is  not  a  detracting  feature  for  hole  quality. 


Ovality  was  not  a  cause  for  concern  on  this  set.  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  the  ovality  measurements.  None 
of  the  holes  of  this  set  exceeded  the  Engineering  Criterion. 


C. 


Perpendicularity:  Absence  of  an  appropriate  plug  to  accommodate  this 
hole  size  would  not  permit  Inspection  via  the  Azimuth/ 
Angle  Gaging  Device;  therefore,  verification  of  perpen¬ 
dicularity  was  accomplished  by  sample  fastener  installa¬ 
tion  and  head  gap  Inspected.  The  longitudinal  axis  of 
the  holes  are  normal  (90°)  to  the  skin  outer  surface 
and  acceptable  to  established  Engineering  Criterion. 


D.  Straightness:  Straightness  Is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  None-exlstent  as  evidenced  by  profile  analyses. 
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F.  Be llmou thing:  Evident  throughout  this  set  in  varying  amounts  as 

indicated  per  item  III.A.I.  The  holes  of  this  group 
exhibit  the  bellmouth/taper  condition  at  their  entrance 
plane  of  drilling  and  reaming.  Cause  hat  been  related 
to  "center-seeking”  resulting  from  hand  reaming 
instability. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of  holes 

exhibited  a  very  good  interior  wall  texture.  There  was 
only  very  shallow  angle  rifling  when  inspected  by  Sight 
Pipes  at  3X  magnification.  There  were  no  chatter  marks 
nor  vertical  scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  through  stack-up  of  skin  panel, 

shim  and  splice  forging,  was  deburred  satisfactorily  in 
the  normal  process  plan  work  instructions. 

I.  Surface  Finish;  All  holes  of  this  set  exhibited  a  surface  finish 

of  "100  AA”  or  better.  Optical  surface  comparator 
was  used  in  this  inspection.  Surface  was  smooth  and 
shiny. 

NOTE  #1;  On  this  structure  the  planning  document  controlling  the 

'  build  via  fabrication/ inspection  instructions  specifies 

the  5/16"  HiLok  Fastener  hole  sise  to  be  0.3090*70.3110''. 

The  Engineering  drawing,  160D612110,  sheet  #1,  specifies 
Installation  of  Flush  Fasteners  to  be  controlled  per 
SP664. 

SP664;  Table  II  "Close  Tolerance  HlShear  Fasteners” 
specifies  the  finished  hole  size  for  5/16”  fastener 
as  0.3105'70.3125''. 

The  analysis  of  this  set  of  holes  is  based  on  the 
0,3090'70.3110”  tolerance  criterion. 


DRILL  METHOD  H-2 


RANKING  NUMBER  30  * 
HOLE  SIZE:  0.1885'70.1910" 


I.  OVERVIEW: 

A.  This  lot  of  production  holes  feature  drilling  and  reaming  of  the 
Carry  Thru,  Front  Spar  Assembly.  The  structure  is  an  aluminum 
stack-up  approximately  .500”  thick.  The  subject  hole  is  sized 
by  Engineering  at  0.1885"/0.1910". 


II.  SUMMARY! 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for  inspec¬ 
tion.  The  method  of  production  utilised  a  custom  built  asseiid>ly 
fixture  to  assure  hole  location.  Holes  were  drilled  by  air  powered 
hand-held  drill  and  fixture  lock-on  guide  bushing.  Reaming  was 
accomplished  in  like  fashion  with  hand-held  drill  motor  and  a  Cobalt 
step  reamer  sized  at  0.1890”.  Inspection  measurements  were  obtained 
by  "thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose  Arithmet¬ 

ical  Average  is  0.189445”  for  the  set  of  twenty-nine  (29)  holes. 

The  holes  of  this  series  were  of  excellent  quality. 


The  Executive  Summary  Histogram  reveals  the  data  distribution 
characteristic  of  a  Normal  Gauslan  Curve  Indicating  that  tooling, 
processes  and  personnel  in  har  • 'nious  control.  All  holes  of  this  set 
were  well  within  the  Engineering  established  tolerance  criterion. 


C. 


The  computer  data  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the 
production  of  excellent  holes: 


1.  Custom  fixturing  ensures  interchangeability  and  location 
reliability. 


2.  Hand-held  air  powered  drill  and  fixture  lock-on  guide  bush¬ 
ing  produce  good  preliminary  holes. 

3.  Hand-held  air  powered  drill  motor  with  fixture  coupled  lock-on 
reamer  guide  bushing  and  Cobalt  step  reamer  sized  at  0.1890 
produced  excellent  final  reamed  holes. 


4.  Detail  planning  is  adequate  for  the  definition  of  the  oP«““ 
tlonal  steps  required  to  produce  the  part  and  hole  Inspection 

requirements. 


*  DRILL  METHOD  CODING:  H-2  -  Hand-held  Drill  and  Reamer 
Hand-held  air  driven  drill,  using  a  Cobalt  step  reamer. 
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III.  CHARACTERISTICS: 


A.  Hole  Sice: 


B.  Ovality: 


a.  Reference  "Executive  Sunmary"  for  this  set.  696 
measurements  were  recorded  for  this  series  of 
twenty-nine  (29)  holes.  The  average  reading 
0.189445"  is  excellent  since  it  crowds  the  low 
range  of  the  Engineering  tolerance. 

b.  Reference  "Executive  Suranary  Histogram  by  Data 
Lot."  The  population  of  the  data  elements  form 

a  Normal  Gausian  Curve  about  the  low  limit  of  the 
tolerance  revealing  good  control  of  tooling, 

process  and  personnel.  Individual  Histogram 
profiles  for  each  hole  support  this  conclusion. 

c.  Hole  #18  disclosed  one  plane  of  measurements 
beyond  the  Engineering  tolerance.  It  occurred 
Level  #5  (Ref.  Individual  Computer  Printout 
Hole  Profile)  and  is  suggestive  of  "chip  gouge" 
resulting  from  the  start  of  a  new  material  thick¬ 
ness.  The  measurement  plane  immediately  above 
this  "scar"  is  the  interface  between  two  (2) 
members  of  the  hardware  stack.  It  was  discounted 
for  concern  owing  to  the  flat  angle  of  the  "scar" 
and  the  fact  that  it  disappeared  at  the  following 
plane  of  oieasurcmients  toward  the  exit  of  the  hole. 
0.192164",  the  highest  reading  in  this  set  occurs 
in  the  subject  "scar"  area. 

d.  Hole  #15  as  in  "c"  above  revealed  one  plane  of 
measurements  beyond  the  Engineering  tolerance. 

It  occurred  at  Level  #4  (Ref.  Individual  Computer 
Printout  Hole  Profile)  which  ja  mi  interface. 

The  air  probe  sensed  the  Interface  faying  surface 
gap  and  is  therefore  discounted  as  cause  for 
concern. 

e.  Holes  #1,  #23  and  #24  have  a  common  characteristic 
of  oversize  which  occurred  at  the  "start  ^  plane" 
of  the  drill/reamer  and  was  discounted  for  concern 
since  it  disappeared  at  the  following  plane  of 
measurements.  A  generous  deburring  chamfer  at 

the  edge  of  these  holes  resulted  in  the  single 
plane  of  oversize  dimensions. 

Hole  #23  exhibited  the  greatest  ovality  of  the  set 
with  a  reading  of  0.001233"  at  the  0  -90  axes. 
Reference  Item  III.  A.  e  above.  As  previously 
stated,  this  phenomenon  occurred  at  the  entrance 
plane  of  the  hole  and  disappeared  at  the  next 
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deeper  level.  Ovality  ranged  at  low  as  0.000043  / 
0.000078*’  at  Hole  #27.  Generally  ovality  ranged 
leas  than  0.0005"  In  this  aeries  of  holes. 


Perpendicularity:  All  Holes  within  this  set  were  normal  to  the 
longitudinal  axis  of  the  hole  with  regard  to  the 
structure  station  plane  face.  Perpendicularity 
was  verified  to  be  sero  degrees  (0  )  i#»en  measured 
with  the  lOX  mag^ilflcatlon  Asimuth/Angle  Gaging 
Device . 


D.  StralAtness:  Straightness  Is  within  Engineering  design  tolerance 

as  indicated  by  the  profile  analyses. 


E.  Barrelling:  None  Evident  as  indicated  by  the  profile  analyses. 


F.  Bellmouthlng: 


General  tendency  toward  "bellsiouthing"  and  or 
"taper"  as  evidenced  by  profile  analyses  but  within 
the  allowable  Engineering  tolerance  criterion. 


G.  Hole  Texture: 


Rifling,  Scratches,  Chatter  marks.  This  set  of 
holes  exhibited  a  very  good  interior  wall  texture. 

was  only  an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Si^t  Pipes  at  3X  magni¬ 
fication.  There  were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 


H .  Burrs : 


This  set  of  holes,  drilled  and  reamed  through  a  stacked 
arrangement  of  fuselage  station  frames,  doubler  and 
fitting  were  satisfactorily  deburred  In  the  normal 
process  plan  work  instructions. 


I. 


Surface 


Finish:  All  holes  of  this  set  exhibited  a  surface  finish 
of  "100  AA"  or  better.  Optical  Surface  Comparator 
was  used  in  this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  Q-1 


RANKING  NUMBER  31  * 

T’OLE  SIZE:  0,2460’70. 2500" 


I.  OVERVIEW; 

A.  This  set  nf  production  holes  features  drilling  and 
reaming  of  the  Wing  Lower  Surface  Longeron.  The 
structure  is  a  stack-up  of  steel  longeron,  aluminum  skin 
panel  and  aluminum  rib.  The  steel  longeron  is  tapered 
in  thickness.  It  varies  from  approximately  1/4"  thick 
at  front  spar  to  1/2"  at  the  center  spar,  then  returns 
to  approximately  1/4"  at  the  rear  spar.  The  subject 
hole  la  sized  by  Engineering  at  0. 2460"/0. 2500"  for 
HiLok  bolt  Installation. 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  survey  inspection.  The  method  of  production  utiliz¬ 
ed  a  heavy  drill  plate,  pinned  and  clamped  onto  the 
wing  structure  to  facilitate  locking  on  the  Quackenbush, 
air  driven  drill  power  head.  Freon  spray-mist  coolant 
was  used  from  a  gravity  fed,  hand-held  delivery  wand. 
Holes  were  drilled  by  Quackenbush  to  a  preliminary  size 
of  15/64"  and  followed  by  hand-held,  air  driven  drill 
motor,  using  a  3/8"  length  piloted  tip  reamer  to 
achieve  the  final  hole.  Inspection  measurements  were 
obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set 
discloses  a  measurement  distribution  whose  arithmetical 
tiverage  is  0.248549"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  is  an  excellent  feature  since  it 
resides  at  the  mid-point  vicinity  of  the  Engineering 
tolerance  range.  All  of  the  holes  of  this  set  meet  the 
criterion  established  by  Engineering.  Specific  dis¬ 
cussion  on  the  geometric  characteristics  of  holes  are 
discussed  at  paragraph  III. 

*  DRILL  METHOD  CODING:  Q-1  =  Quackenbush  -  Hand-held  Air  Power 

Reamer 

Quackenbush,  air  powered  drill  and  accessory  tooling. 
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(Continued) 

c.  The  computer  Statistical 

holes  provides  composite  clues 
lowing  for  the  production  of  very  goo 

-  ;;r2-Sh-::.=r.,‘s;.'; 

15/64"  size. 

risTs-Ss:::  S...- 

ments. 


III.  CHARACTERISTlCl; 
A.  Hole  Size: 


1160  data  entries  were  accrued  for  the 
ietlea  of  twenty-nine  (29)  holes.  The 
arithmetical  average  for  ’'he  set  is 
0  248549",  well  below  the  0.2500  high 
limit  per  established 

Criterion.  This  is  an  excellent  series 
of  holes  on  size.  Reference  Computer 
Individual  Hole  Printout  discloses  th 
following: 

1.  Eight  (8)  holes  are 

with  the  total  spread  of  forty  ) 
measurements  per  hole  having  record¬ 
ed  the  following  range: 


Hole  # 


Range 


0.000405" 

0.000371" 

0.000509" 

0.000388" 

0.000405" 

0.000466" 

0.000345" 

0.000414" 


Comment 
See  Note* 
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III.  A.  (Continued) 


B.  Ovality: 


Note*  Several  holes,  //5,  (^9,  //lO 
and  #12  reveal  slight  en¬ 
largement  of  the  aluminum 
structure  following  the  outer 
steel  longeron.  Steel  chip 
impingement  and/or  slight 
operator  instability  during 
reaming  are  suggested  cause 
for  the  enlargement. 

2.  Five  (5)  holes  exhibit  bellmouth 
and/or  taper  which  is  extremely 
minute  at  the  entrance  of  the  hole 
and  progressing  into  the  substrate 
materials  as  follows: 


Hole  If 

Range 

Comment 

1 

0.000638" 

See  Note** 

4 

0.001017" 

18 

0.000836" 

25 

0.000473" 

27 

0.000578" 

Note  **  Several  holes  during  the 
drilling/reaming  process 
were  observed  being  pro¬ 
cessed  dry,  without  Freon 
Spray-mist  coolant.  The 
geometry  of  the  profile  of 
these  holes  typically 
suggest  possible  drill 
heat/reamer  heat-up  result¬ 
ing  in  a  larger  hole  in 
size  and  vertical  profile. 

Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #1A  and  recorded  at 
0.000586"  at  Level  #5  on  the  0  -90  axes. 
This  value  is  void .  An  error  in  data 
reduction  was  committed.  A  faying  sur¬ 
face  interface  was  overlooked  at  Level 
#5  thus  resulting  in  an  erroneous 
computer  printout. 


297 


III.  B.  (Continued) 


Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual  Hole 
Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  the  ovality 
measurements.  None  of  the  holes  of  this 
set  exceeded  the  Engineering  Criterion. 


C. 


Perpend 


Icnlarity:  Hole  size,  on  the  low  side  of  the 

tolerance,  would  not  permit  inspection 
via  the  Angle/Azimuth  Gaging  Device, 
therefore  verification  of  perpendicular 
ity  was  verified  by  sample  fastener 
Installation  and  head  gap  inspection. 
The  holes  were  normal  to  the  longitud¬ 
inal  axis  of  the  holes  and  acceptable 
to  established  Engineering  Criterion. 


D.  Straightness: 


Straightness  is  within  Engineering  design 
tolerance  as  indicated  by  profile  analysis. 


E.  Barrelling: 


Hole  #28,  Individual  Profile,  reveals 
a  very  subtle  barrelling  feature.  Dry 
drilling  is  suspected  as  the  cause  for 
the  geometric  configuration  of  this 
hole.  The  feature  is  insignificant  and 
does  not  exceed  the  tolerance  allowable. 


F.  Bellmovithing; 


Evident  in  very  minute  and  subtle 
amounts  as  indicated  by  Holes  #1,  #4, 
#18,  #25  and  #27.  Various  other  holes 
of  this  set  exhibit  the  same  condition 
at  their  entrance  plane  of  drilling, 
however,  none  of  the  conditions  exceed 
the  allowable  Engineering  tolerance. 


G.  Hole  Texture: 


Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes. 
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III.  (Continued) 

H.  Burrs:  This  set  of  holes  was  drilled  through  a 

laminated  stack  and  was  deburred  satis¬ 
factorily  in  the  normal  process  plan 
work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  of  "100  AA"  or  better. 
Optical  surface  comparator  was  used 
in  this  inspection.  Surface  was  smooth 
and  shiny. 


DRILL  METHOD  Q-3 

ranking  number  32  * 

HOLE  SIZE  0.2450'70.2480" 


OVERVIEW; 

A.  This  set  of  production  holes  features  ^ J 

the  Beam  Frame  Splice.  The  structure  is  a  three  (3)  laminate 
^.cV7t  aluminum  approxl^italy  .500”  thick. 

Plate  and  main  beam  faying  surfaces  are  tapered  to  one  another. 

S  “lay-up  the^apar.  ara  "caatad"  ao 

a  constant  cross-sectional  thickness  to  the  left  and  right  of  the 
■■I"  baam  .plica  cantarllna.  Tha  tacat  by 

parallel  thickness.  The  holes  are  sized  at  0.2450  /0.2480  by 

Engineering. 

Hole  survey  measure  u.  its  were  obtained  using  a  Diatest  Split- 

Ball  Gage  that  incorporates  an  Alina  linear 

measurement  transducer  and  is  coupled  to  an 

System  for  data  storage  and  recovery.  u* 

was  performed  where  obvious  measurement  data  reflected  the 

probe  to  be  sensing  a  faying  surface  gap  ®  ^ 

of  insufficient  deco  clamp-up  pressures  on  the  structure. 

SUMMARY; 

A  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
Inspection.  The  method  of  production  employed  air  Po^ered 
Quackenbush  drill  for  a  "one  shot’  finalized 
ference  encountered  at  assembly  necessitated  a  freehand 
r^Sng  operation  to  facilitate  fastener  installation  on  the 

structure  under  survey . 

B.  to  the  "Executiv.  Su-«ty  by  ““I*”" 

the  arithmetical  average  for  hole  size  to  be  0.246802  ,  an 
excellent  feature  since  the  low  and  high  limit  ^iterion  1 
0.2450''/0.2480"  respectively  as  established  by 
Ml  twenty-nine  (29)  holes  of  this  set  meet  the  Engineering 
criterion.  Details  concerning  size  and  other  geometric 
features  of  this  series  of  holes  are  discussed  at  paragraph 

III. 

C  The  Computer  Statistical  Printout  for  this  series  of  boles 
p?^«n  cLpo.lt.  clu..  tracbl.  to  th.  following  for  the 
production  of  very  good  holes; 

1.  Custom  designed  major  fixturlng  assures  structure  align¬ 
ment  and  positioning  reliability. 

*  DRILL  METHOD  CODING;  Q-3  -  Quackenbush  -  One  Shot 
Quackenbush  -  "one-shot"  -  freehand  reaming. 
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2.  Clamp  on  drill  plate  adapted  to  the  (>»ackenbu8h  air 
powered  drill  is  adequate  for  the  production  of  good 
quality,  "one-shot”,  final  sized  holes.  Occasionally, 
hand-reaming  is  necessary  owing  to  fastener  installation 
interference. 

NOTE:  Hand  reaming  was  accomplished  on  this  series  of  holes 

without  accessory  assist  tooling. 

3.  Planning  is  adequate  to  direct  manufacturing  and  inspec¬ 
tion  operational  requirements. 

4.  Morale  among  production  personnel  is  high.  The  attributes 
of  pride  and  craftsmanship  are  evident  in  the  quality  of 
work  produced. 


III.  CHARACTERISTICS : 

A.  Hole  Size:  a.  Reference  "Executive  Sunmary  by  Dat  ^t". 

464  measurements  were  accrued  for  this  series 
of  twenty-nine  (29)  holes.  The  arithmetical 
0Ygxage  for  the  set  is  0.24680Z  and  hole 
surface  finish  texture  was  "100  AA"  or  better, 
which  is  an  added  attribute  contributing  to  the 
production  of  a  good  series  of  holes. 


b. 


Eleference  to  Individual  Hole  Computer  Print- 
aut  discloses  the  cluster  of  measurements 
from  highest  reading  to  lowest,  per  hole,  to 
t>e  less  than  0.0010".  Five  (5)  holes, 
Ide^ied  #2,  #4,  #5,  #13  and  #15  were  «- 
ceptlons,  which  sli^tly  exceeded  the  0.0010 
but  still  resiained  well  within  the  Engineering 
tolerance  soread. 


B.  Ovality: 


Hole  #14  recorded  the  greatest  ovality  at 
0.001026"  at  its  45°  -  135°  axes.  Level  #3. 
Hole  ovality  for  this  entire  series  was 
considered  Insignificant  since  the  pntlre  set 
of  holes  met  the  Engineering  tolerance  range 
and  are  less  than  the  0.001 )"  reported  at 
Hole  #14. 


C.  Perpendicularity:  Ihe  holes  of  this  set  were  t»y  design  too 

small  to  accept  the  Angle/Azimuth  Gaging 
Device  plug  to  determine  perpendicularity 
via  this  means.  Fasteners  installed  in 
several  holes  were  inspected  for  perpendic¬ 
ularity  via  head  to  structure  gap  check  at 
3X  magnification.  The  holes  were  perpendic- 
iiifl'T  t!n  the  anlice. 
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D.  Straightness: 


Straightness  Is  within  Engineering  design 
tolerance  as  Indicated  by  profile  analyses. 


E.  Barrelling: 


F.  Bellmouthlng: 


None  evident  as  Indicated  by  the  profile 
analyses. 

Occasionally  evident  In  the  minutest  amount 
as  evidenced  by  holes  such  as  Hole  #2,  drill/ 
reamer  entrance  plane  to  the  hole  and  Hole 
#13,  same  as  above. 

Hole  #13  exhibits  a  double  bellmouth  condition 
most  probably  the  result  of  operator  Instability 
on  the  free-hand  reaming  operation  that  was 
performed  on  several  holes.  Bellmouthlng, 
where  It  occurs  In  this  set  Is  extremely  sjujjnt . 


G.  Hole  Texture: 


H.  Burrs: 


Rifling,  Scratches,  Chatter  marks.  Uils  set 
of  holes  exhibited  very  good  Interior  wall 
texture.  There  was  only  an  occasional  very 
shallow  angle  rifling,  generally  In  the  vicinity 
of  the  laminate  Interfaces.  Inspection  was 
performed  via  Sight  Pipes  at  3X  magnification. 
There  were  no  chatter  marks  nor  vertical  scoring 
In  these  holes. 


This  set  of  holes,  drilled  through  approx^ately 
0.500"  of  stacked  hardware  was  deburred  8«tls- 
factorlly  In  the  normal  process  plan  work 
Instructions. 


I. 


Surface  Finish: 


All  holes  of  this  set  exhibited  a  surface 
finish  of  "100  AA"  or  better.  Optical  Surface 
Comparator  was  used  In  this  Inspection. 

Surface  was  smooth  and  shiny. 


1 
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DRILL  METHOD  S-1 


ranking  number  33  * 
HOLE  SIZE:  0. 2460" /O. 2500" 


I.  OVERVIEW: 

A  This  set  of  production  holes  features  drilling  and 
reaming  of  the  Center  Wing  Outboard  Wing  Fitting  to 
Skin  Panel  Assembly.  The  structure  is  an  aluminum 
stack-up  of  tapered  thickness.  The  area  subject  to 

survey  inspection  is  approximately  0.30  2500" 

subject  hole  is  sized  by  Engineering  at  0.2460  /0.2500 

for  HlLok  bolt  Installation. 


II.  SUMMARY : 


A.  Twenty-nine  (29)  holes  were  available  in 

for  survey  inspection.  The  method  of  production  utiliz¬ 
ed  a  heavy  drill  plate  and  flxturlng  to  facilitate 
Spacematic,  air  driven  drill  power  head.  Freon 
mist  coolant  was  used  from  a  gravity  fed,  hand-held 
delivery  wand.  Holes  were  drilled  by  one-shot 
spacematic  method  to  their  final  size  configuration  and 
no  reaming  was  planned  nor  employed.  Inspection 
measurements  were  obtained  via  "thru-hole  air  probe. 


B.  Reference  Executive  Summary  by  Data  Lot.  This  set  d 
closes  a  measurement  distribution  whose  arithmetica 
average  is  0.246771"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  is  an  excellent  feature  since  it 
resides  at  the  low-point  vicinity  of  the  Engineering 
tolerance  range.  Mi  of  holes  of  this  set  meet 
the  criterion  established  by  Engineering.  Specific 
discussion  on  the  geometric  characteristics  of  the 
holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  fol¬ 
lowing  for  the  production  of  very  good  holes: 


*  DRILL  METHOD  CODING:  S-1  =  Spacematic,  One-shot,  No  Reaming 


Spacematic,  air  powered  drill  and  accessory  tooling. 
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II.  C.  (Continued) 

1.  Custom  designed  fixturing  ensures  interchange- 
ability  and  location  reliability  of  the  basic 
structure. 

2.  Spacematic,  air  powered  drill  and  accessory  tooling 
produces  good  final  sized  holes  at  assembly  on  a 
"one-shot"  operation. 

3.  A  Tool  Set-Up  Station  is  maintained  in  the  vicinity 
of  the  work  area.  Spacematic  drills  are  set  up  and 
adjusted  by  a  tooling  specialist  who  performs  a 
sample  run  to  ensure  proper  operation  and  adjustment 
on  tooling.  The  dividend  of  this  concept  is  good 
production  holes  at  this  facility. 

4.  Planning  is  very  good,  providing  adequate  work 
instructions  and  definition  of  inspection  require¬ 
ments. 

III.  CHARACTERISTICS; 


A.  Hole  Size:  464  data  measurements  were  accrued  for 

the  series  of  twenty-nine  (29)  holes. 
The  arithmetical  average  for  the  set, 
0.246771",  is  an  ideal  characteristic 
in  regard  to  the  Engineering  criterion 
of  0.2460"/0.2500".  This  is  an  excel¬ 
lent  series  of  holes  on  size.  Refer¬ 
ence  to  Computer  Individual  Hole  Print¬ 
out  discloses  the  following: 

1.  Ten  (10)  holes  are  nearly  perfect 
with  their  total  spread  of  sixteen 
(16)  measurements  pet  hole  having 
recorded  the  following  range: 

Hole  Range  Comment 

6  0.000569"  See  Note* 

11  0.000328" 

16  0.000569" 

18  0.000336" 

20  0.000526" 
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Hole  // 


Range 


Comment 


21 

0.000164" 

22 

0.000302" 

25 

0.000232" 

26 

0.000326" 

27 

0.000251" 

Note* 

Generally,  a  very  subtle 

ovality  at  the  start  plane 
of  drilling  or  at  the  exit 
plane  is  the  feature  account¬ 
ing  for  otherwise  perfectly 
drilled  holes. 


Five  (5)  holes  exhibit  bellmouth 
and/or  taper  which  is  very  minute 
at  the  entrance  plane  of  hole.  A 
rather  uniform  straight  taper  is 
featured  in  these  holes,  diminish¬ 
ing  in  diameter  as  depth  in  the 
hole  is  acquired. 

Hole  //  Range  Comment 

3  0.001267"  See  Note  ** 

8  0.001319" 

9  0.001328" 

15  0.001362" 

24  0.001103" 


Note**  The  magnitude  of  tfie  bell- 
mouth  and/or  taper  in  the 
aforenoted  holes  is  only 
slightly  over  0.001".  The 
computer  printout  discloses 
the  profile  phenomenon. 

This  grouping  of  holes  is 
purposefully  being  dis¬ 
cussed  adjacent  to  the 
series  in  item  III.A.l  to 
apprize  the  reader  of  the 
ability  of  the  computer  to 


Note**  (Continued) 


Ovality: 


construct  a  pictorial  geo¬ 
metric  replica  of  the  hole 
using  very  minutemmeasure- 
ment  differences. 

The  general  condition  of  this  series  of 
holes  suggests  very  minor  "seeking"  of 
the  tip  on  drill  entry  since  the  ex¬ 
tremely  slight  bellmouth  and/or  taper  is 
rather  uniform  at  all  axes  of  measurement. 
Occasionally  operator  side  load  is 
Induced  via  handling  of  the  power 
head  during  its  duty  cycle.  Holes  #12 
and  #14  show  evidence  of  this  feature 
and  its  result  is  generally  evident  in 
one  (1)  or  two  (2)  axes  and  reverse 
bellmouthing  (bellmouth  at  the  exit 
plane) . 

3.  Hole  #29  is  a  near  perfect  hole. 

The  Computer  Individual  Profile 
Printout  reveals  a  "spike"  in  all 
four  (4)  measurement  axes,  at  the 
exit  plane  of  the  hole.  This  con¬ 
dition  resulted  from  a  slight 
chamfer  on  debarring  of  the  hole 
and  is  discounted  as  a  detrimental 
feature  of  the  basic  hole. 

4.  Holes  #1  and  #10  have  a  combination 
of  the  slight  bellmouth  and/or 
taper  discussed  at  item  III. A. 2 
III. A. 3  above.  The  bellmouth 
feature  establishes  the  cause  for 
the  range  of  measurements  exhibit¬ 
ing  0.001405"  and  0.000983"  res¬ 
pectively  . 

Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #2  and  discloses  a 
value  of  0.000940"  at  plane  level  #3 
on  the  45°-135°  axis.  Side  load  en¬ 
largement  at  the  90  -135  axis  was 


III.  B.  (Continued) 


most  probably  induced  by  operator 
handling  of  the  drill  during  its  duty 
cycle.  The  ovality  is  slight  and  does 
not  exceed  the  Engineering  tolerance 
criterion.  Ovality  generally  for  this 
set  is  very  minute  and  exists  pre¬ 
dominantly  at  plane  levels  //I  or  //A 
and  is  the  product  of  the  bellmouth 
and/or  taper  features  with  regard  to 
the  shank  of  the  holes. 

Ovality  was  not  a  cause  for  concern  on 
this  lot.  Reference  to  Individual 
Hole  Computer  Printout  discloses  all 
holes  to  be  extremely  good  on  the 
ovality  measurements.  None  of  the 
holes  of  this  lot  exceeded  the  Engin¬ 
eering  Criterion. 

C.  Perpendicularity;  Hole  size,  on  the  low  side  of  the 

tolerance,  would  not  permit  inspection 
via  the  Angie/Azlmuth  Gaging  Device; 
therefore,  verification  of  perpendic¬ 
ularity  was  accomplished  by  sample 
fastener  installation  and  head  gap 
inspected.  The  holes  were  normal  to 
the  longitudinal  axis  of  the  holes  and 
acceptable  to  established  Engineering 
Criterion. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by 
profile  analysis. 

E.  Barrelling:  Nonexistent  as  evidenced  by  profile 

analysis. 

F.  Bellmouthing:  Evident  In  very  minute  and  subtle 

amounts  as  indicated  by  Holes  #3,  //8, 
#9,  iH5  and  //2A  per  item  III. A. 2. 
Various  other  holes  of  this  set  exhibit 
the  same  condition  at  their  entrance 
plane  of  drilling;  however,  none  of 
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(Continued) 

Hole  Texture: 

Burrs : 

Surface  Finish: 


the  conditions  exceed  the  allowable 
Engineering  tolerance. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  Inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes . 

This  set  of  holes,  drilled  through 
stack-up  of  skin  panel  and  fitting  was 
deburred  satisfactorily  in  the  normal 
process  plan  work  Instructions. 

All  holes  of  this  set  exhibited  a 
surface  finish  of  "100  AA"  or  better. 
Optical  surface  comparator  was  used 
in  this  Inspection.  Surface  was 
smooth  and  shiny. 


DRILL  METHOD  Q-2 
RANKING  NUMBER  34  * 
HOLE  SIZE:  0.246"/0.250" 


I.  OVERVIEW; 

A.  This  set  of  survey  holes  features  Quackenbush  drilling  and  final 
reaming  of  holes  In  a  Center  Wing  Lower  Surface.  The  structure 
Is  a  mix  of  steel  and  aluminum  In  the  stack  consisting  of  a  steel 
strap,  lower  surface  wing  skin  panel  and  machined  rib.  Survey  Team 
adapter  tooling  for  the  air-probe  would  not  accommodate  the  complete 
assembly  thickness;  therefore,  measurement  data  was  taken  through 
the  steel  strap  and  wing  skin  panel  only,  a  thickness  of  0.62". 

The  subject  hole  Is  sized  by  Engineering  for  the  final  ream  size 
at  0.246"/0.250"  per  Specification. 


*  DRILL  METHOD  CODING:  Q-2  -  Quackenbush,  Air  Power  Reamer,  Mechanical 
Quackenbush  Drilling,  final  reaming. 


II.  SUMMARY; 


A. 


B. 


Reference  Executive  Histogram  by  Data  Lot.  The  data 

is  situated  between  the  0.2480'70.25a«-"  aone  of  the  overall  0.246  /0.250 
tolerance  band.  The  data  elements  erfiibit  a  pattern  expressing  the  range  in 
data  measurements  controlled  by  the  bellmouth  and  barrelling  characteristics 
inherent  in  the  holes  of  this  set. 

Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey  inspec¬ 
tion.  Reference  "Executive  Summary  by  Data  Loti'  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0*2^9348  for  the 
series  of  twenty-nine  (29)  holes.  This  value  is  within  specification  b^ 
signifies  a  trend  mode  worthy  of  attention  to  stop  and/or  reverse  its  growth. 
The  affect  of  steel  chip  carry  through  into  the  aluminum  is  apparent  in 
the  barrelling  feature  present  in  the  skin  panel  which  is  a  faying  sur¬ 
face  component  to  the  steel  strap. 

Specific  discussion  on  the  geometric  <  Ljracterlstics  of  the  holes  are  dis¬ 
cussed  in  paragraph  III  along  with  rationale  disclosures  on  overall  quality. 

The  Computer  Statistical  Printout  for  this  series  of  holes  provide  composite 
clues  traceable  to  the  following: 


1.  The  Influence  of  steel  chips  impinging  on  aluminum  in  the  assembly 
stack  is  apparent. 

2.  Quackenbush  method  of  hole  production  produces  acceptable  finished 
holes  but  with  relatively  high  percent  of  marginal  holes. 

3.  Normal  plug-gage  inspection  would  not  pick  up  the  barrelling  feature 
indie  skin  member. 

4.  Two  (2)  stage  final  reaming  (reference  paragraph  III .A. 5  for  details) 
may  help  to  eliminate  the  skin  barrelling. 


III.  CHARACTERISTICS; 
A.  Hole  Size: 


1144  data  measurements  were  accrued  from  the  twenty-nine  (29) 
holes  comprising  this  set.  Reference  Executive  Su^ry  by  Data 
Lot  discloses  an  arithmetical  average  of  0.249348  ^ich  approach¬ 
es  the  tolerance  high  limit  for  this  set  and  is  reflected  in 
the  geometry  of  these  holes. 


A  slight  bellmouth  characteristic  at  the  start  vicinity  of 
the  holes  and  a  barrelled  feature  in  the  skin  panel  are  in" 
herent  anomalies  throughout  this  set . 


In  addition,  an  oversized  condition  is  reflected  in  the  computer 
data  of  nine  (9)  holes.  These  anomalies  are  discussed  in  the 
following  text. 
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1.  Reference  holes  identified  Hole  #6,  7,  13,  18  and  #19 

along  with  their  Individual  Hole  Computer  Printouts.  The 
oversize  data  elements  of  these  holes  are  assessed  as  in¬ 
significant. 

The  maximum  oversize  measurements  were  recorded  as  follows: 
Hole  //  Maximum  Measurement  Readout 


6 

0.000138 

7 

0.000138 

13 

0.000086 

18 

0.000181 

19 

0.000026 

None  of  the  above  dimensional  recordings  are  assessed  a 
detriment  to  the  quality  of  the  affected  holes.  Review  of 
the  Axes  measurement  data  discloses  Irregular  starts  in  the 
reaming  Ccenter-seeklng)  to  be  the  cause  for  all  of  these 
readings.  The  phenomenon  is  extremely  small  and  disappears 
at  the  second  plane  of  measurements. 

2.  Hole  #9  and  #16.  Reference  Individual  Hole  Computer  Print¬ 
outs. 

Hole  #  Maximum  Measurement  Readout 

9  0.000165" 

16  0.000169" 

The  oversize  nature  of  these  dimensions  are  insignificant 
to  the  dimensional  integrity  of  both  holes.  Reference  to 
the  profile  presentation  of  the  computer  data  to  these  di¬ 
mensions.  Their  location  within  the  holes  concludes  their 
origin  to  Be  steel  chip  impingement  from  the  outer  strap 
into  the  softer  aluminum  skin.  The  feature  is  very  slight 
and  is  geometrically  presented  as  a  minute  barrelled  condition 
in  the  skin  panel. 

3.  Hole  #11  is  addressed  as  having  recorded  the  greatest  measure¬ 
ment  in  this  setat  0.250440".  Reference  Individual  Hole 
Computer  Printout. 

Center-seeking  and  side  loading  Induced  by  the  operator 
during  the  duty  cycle  of  final  reaming  is  assessed  the 
cause  for  the  oversize  measurements  that  persist  at  a 
magnitude  of  0.0001"  along  the  90°  axis.  Again,  the 
feature  is  extremely  small  and  has  minimal  affect  on  depreci¬ 
ation  of  overall  hole  quality. 
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A.  Hole  #14.  the  final  hole  exhibiting  an  oversize  dimen¬ 
sion  presented  its  anomaly  at  the  90o  axis  of  measure¬ 
ments  and  at  0.250267''.  The  cause  is  assessed  as  chip 
load  build  up,  most  probably  a  result  of  momentary  stall 
in  chip  clearing  of  the  reamer. 

5.  In  all  of  the  aforementioned  holes,  the  oversize  hw  been 
assessed  as  negligible  for  its  affect  on  hole  quality  and 
generally  is  a  result  of  center-seeking  and/or  steel  chip 
impingement  into  the  softer  aluminum  member  following  the 
steel  part  in  the  assembly  stack. 

In  all  of  the  above  holes  and  the  remainder  of  this  set  of 
holes  which  a^  not  oversize  in  any 

the  features  of  bellmouthlng  and  barrelling  still  persist 
in  the  steel  strap  and  aluminum  skin.  The  features  are 
extremely  small  and  for  the  most  part  do  not  exceed  the 
allowable  Engineering  tolerance  for  these  holes. 

An  approach  to  eliminating  the  barrelled  condition  ““Sgeats 
reaming  the  steel  to  a  controlled  depth  suffUient  to  cle 
its  chip  generation  and  retract  the  reamer; 
with  a  second  (non-cutting  pass)  to  finish  the  hole 
aluminum  members.  This  approach  tends  to  clear  the  hole  and 
follow  on  using  the  steel  member  as  a  reamer  8“^*^®/°'  ^®  ,, 
softer  aluminum  parts  following  it.  In  the  case  Jhe  s^ll 
holes  (1/4). the  steel  member  in  the  stack  is  actually  thick 
«  tl.n  eh.  aimeter  .nd  offer.  .Ignlflcnt  chip  gener.- 

tlon  to  impinge  onto  the  follow  on  parts. 

Ovality:  Maximum  recorded  ovality  within  the 

and  discloses  a  value  of  0.001069"  on  the  45®  -  135  »*®»  ®J^ 

plane  #8.  Ovality  is  a  function  of  the  affect  of  barrelling 

brought  by  the  steel  chip  impingement  J^® 

mem^r  of  the  assembly  stack.  Ovality  J°r^„ee 

exceed  the  Engineering  tolerance  criterion 

to  the  Individual  Hole  Computer  Printouts. 

Enelneerlna  tolerance  on  ovality  measurements;  However,  the  tea 

“  i  tu^cWon  of  th.  h.ll«.uth  «.d/or  b.rr.llln,  ch.r.«.rl.tlc. 
and  warrants  attention  for  methods  Improvement  toward  elimina¬ 
tion  of  the  features. 

Perpendicularity:  HoU  size  b^^^O.25^^^^^^  raS'ng^S^rc^^^^^^^^ 

fore  verification  of  perpendicuUrlty  was  •ccomplished 
via  subsequent  inspection  of  the  head  ®®®[J*^*'*^** 
nesting  of  fasteners  in  the  structure.  The  holes  were 
normal  to  the  longitudinal  axis  of  the  holes  md  accept¬ 
able  to  established  Engineering  criterion  of  Z  . 
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Straightness: 

Barrelling: 

Bellmouthlng: 

Hole  Texture: 

Burrs : 


Stral^tness  Is  within  Engineering  design  tolerance  as 
Indicated  by  profile  analyses. 

Most  of  the  holes  of  this  set  exhibit  this  feature  In  the 
aluminum  skin  member  of  the  stack.  Refer  to  narrative 
at  paragraph  III.A.l  thru  III .A. 5  for  details. 

Most  of  the  holes  of  this  set  exhibit  a  slight  bellmouth 
feature  at  the  start  vicinity  of  reaming.  Refer  to 
narrative  at  paragraph  III.A.l  thru  III. A. 5  for  details. 

Rifling,  Scratches,  Chatter  Marks.  This  series  of 
specimens  exhibited  good  interior  wall  texture.  Several 
holes  revealed  very  shallow  angle  rifling,  not  In  excess 
of  the  125AA  machine  finish  criterion.  The  holes  were 
Inspected  via  Sight  Pipe  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical  scoring  In  this  set 
of  holes. 

Deburrlng  was  satisfactorily  accomplished  per  the 
normal  process  plan  work  Instructions. 


Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish  of 
lOOAA  or  better.  Optical  Surface  Comparator  was  used 
for  inspection  and  the  sidewalls  were  smooth  and  shiny 


DRILL  METHOD  MS 


ranking  number  35  * 
HOLE  SIZE  O.6235"/0.6245" 


I.  OVERVIEW 

A.  This  set  of  production  holes  feature  drilling  and 

broaching  of  Main  Gear  Bellcrank  Idler  machined  detail 
parts.  The  details  are  2014  aluminum  forgings. 
Measurements  on  the  holes  were  taken  to  a  depth  of 
1.625"  into  the  holes.  Measurements  were  obtained  via 
"thru-hole"  air  probe  and  recorded  on  magnetic  tape 
to  ascertain  hole  size  and  geometric  features.  The 
subject  holes  were  sized  by  Engineering  at  0.6240  +/ 
0.0005". 


II.  SUMMARY ; 


Twenty-seven  (.27)  holes  were  available  in  this  structure 
for  inspection.  The  method  of  production  utilized  drill 
press  and  horizontal  broaching  machine.  The  parts  were 
initially  drilled  at  39/64"  (0.609")  followed  by 
broaching  to  a  final  size  of  0.6240  +  0.0005  /-O.OOOO 
per  fabrication  traveler  planning  instructions. 


B.  These  holes  disclose  a  measurement  distribution  whose 

Arithmetlcai  Average  is  0.624278"  for  the  set  of  twenty- 
seven  (27)  holes.  Specific  details  on  the  geometric 
characteristics  of  the  holes  are  discussed  in  Paragraph 

III. 


C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  clues  traceable  to  the  following  for 
the  production  of  these  holes: 

1.  Samll  custom  designed  drill  fixture  ensures  hole 
Interchangeability  and  location  reliability. 


*  DRILL  METHOD  CODING:  MS  =  Miscellaneous  Systems  - 

Track  Mounted  Drill 


Drill  Press  and  horizontal  broaching  machine. 
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II.  C.  (.Continued) 


2.  Vertical  drill  press  most  probably  employed  for 
Initial  39/64"  (0.609")  drill  operation.  Parts 
for  checking  were  drawn  from  existing  stores  for 
the  survey  Inspection.  Drilling  operation  Is  the 
most  likely  candidate  for  cause  of  oversize  dimen¬ 
sions  within  this  series  of  holes.  Reference 
Paragraph  III.  A. 

3.  Horizontal  Broaching  Machine  employed  for  part 
final  hole  sizing. 

4.  Planning  Is  good  for  purpose  of  fabrication  in¬ 
structions  and  subsequent  inspection. 

III.  CHARACTERISTICS; 

A.  Hole  Size:  a.  Reference  "Executive  Summary  by  Data 

Lot"  for  this  set.  2,472  data  measure¬ 
ments  were  accrued  for  this  series  of 
twenty-seven  (27)  holes.  The  Arith¬ 
metical  Average  0.624278"  Is  well  within 
the  tolerance  criterion  of  0.6235"/ 
0.6245"  established  by  Engineering  and 
naturally  trends  toward  the  high  limit 
since  the  broach  was  sized  at  0.6240" 
per  fabrication  instructions. 

b.  Holes  #1,  //4,  #17  and  #22  were  excellent, 
exhibiting  Arithmetical  Averages  of 
0.624173";  0.624176",  0.624182  and 
0.624165"  respectively  and  flawless 
interior  wall  surfaces.  In  addition 

the  surface  finish  of  the  walls  were 
"63  AA"  or  better  via  Optical  Comparator. 

c.  Occasional  dull  textured  ("satin  finish") 
sidewall  discontinuities  were  observed 

on  the  remainder  of  these  parts. 
Inspection  via  3X  magnification  Sight 
Pipes  disclosed  these  areas  to  be 
correlatable  by  their  index  position 
(0°-45°-90°-135°)  and  plane  depth  to 
the  oversize  dimensions  recorded  on  the 
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III. 


A.  CContinued) 


computer  t.pe  printout  for  thene  holes. 

Additionally,  the  “ 

tinulties  ("satin  finish  areas  )  as 
Slewed  visually  on  the  parts  «»n  “1“ 

tr-if  prifi:;  Tnf  une 

f.:rrflni'sS"  S»s  „«f  :uuaunppnr- 
£VeVere:trorfiL!^q^^^^^^ 

Alr-staae  measurement.  Occasional 

Sutshirr^heL'^iaiS^ 

Conclusion  suggests  the  followi  g. 

1  The  0.609"  drilling  operation  prod¬ 
uced  the  "satin  finish"  discontin¬ 
uities. 

2.  Generally  the  anomaly 

at  the  entrance  plane  and/or  ex 
plane  of  the  drilled  hole,  or  both. 

The  radius  of  the  "satin  finish" 

21.  is  smaller  than  the  basic  broach 
radius  and  forms  a  bulge  in  the 
hole  sidewall  that  is 
smoothly  into  the  broached  final 

hole  diameter. 

/  Holes  #12,  #18  reveal  the  drill 

characteristic  deep 

at  plane  depths  #13  to  #16  and  #13 
to  #15  respectively. 

5.  The  common  feature  in  all  of  the 
conditions  above  point  to 
wobble,  straightness  wandering  or 
slight  difference  in  perpendicu 
larity,  resulting  in  the  broach 
falling  to  "clean  out"  the  drilled 

hole. 

A  N4ne  (9)  holes,  namely  Hole  #3,  #7,  #8, 
#9  #lo.  /as.  #18.  #21  and  #27  have  the 
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III.  A.  (Continued) 


"satin  finish"  blemish  at  only  one  (1) 
to  three  (3)  locations  of  the  ninety- 
two  (92)  measurements  obtained  per  hole. 
Except  for  Hole  //18,  all  exist  at  either 
the  entrance  or  exit  planes  of  the  holes 
and  are  insignificant  to  overall  hole 
quality.  Refer  to  Individual  Hole 
Profile  Printout  for  details. 

e.  Eight  (8)  holes,  namely  Holes  #5,  (/b, 
//ll,  /ns,  //14,  //16,  m  and  #24  are 
similar  to  item  "d".  There  are  a 
couple  additional  areas  of  oversize 
"bulges"  which  impinge  slightly  deep¬ 
er  into  the  holes  but  are  not  signifi¬ 
cant  to  overall  hole  quality. 

f.  Holes  #2,  #12,  #19,  #20,  #25  and  #26 
exhibit  a  dispersion,  frequency  and 
depth  into  the  hole  which  suggests 
rejection  for  purpose  of  size  and  hole 
function. 

B.  Ovality:  Hole  #12  exhibited  the  greatest  ovality 

at  0.003776"  for  the  0  -90  axes  and 
0.003569"  for  the  45°-135  axes. 

Owing  to  the  requirement  for  bushings 
at  both  ends  of  the  subject  holes, 
ovality  of  the  reported  magnitude  and 
depth  could  be  of  Engineering  concern. 
Holes  #2,  #5,  #20,  #23,  #24  and  #26 
may  warrant  a  similar  concern.  Except 
for  the  above  noted  holes,  the 
remainder  of  these  holes  were  within 
the  tolerance  bound  established  by 
Engineering. 

C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole 
with  regard  to  the  machined  end  faces. 
Perpendicularity  was  verified  to  be  zero 
degrees  (0  )  when  measured  with  the 
lOX  magnification  Azimuth/Angle  Gaging 
Device  equipped  with  magnetic  standoff 
bushing. 
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D.  Straightness: 


E.  Barrelling: 

F.  Bellmouthing: 

G.  Hole  Texture: 


H.  Burrs: 

I.  Surface  Finish: 


Straightness  is  within  Engineering 
design  tolerance  as  indicated  by  the 
profile  analysis. 

None  evident  as  indicated  by  the 
profile  analysis. 

General  tendency  toward  "bellmouthing" 
and  or  "taper"  as  evidenced  by  indivi¬ 
dual  profile  analysis.  Condition  exceeds 
the  allowable  Engineering  tolerance 
criterion,  but  is  generally  shallow  in 
depth  except  for  holes  per  paragraph 
III.  A.  f. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification  in  a  few  of  the  areas 
where  broaching  failed  to  clean  out 
the  initial  drilled  pilot  hole.  The 
finish  in  these  areas  appeared  as 
"satin  finish"  texture.  There  were 
no  chatter  marks  nor  vertical  scoring 
in  these  holes. 

This  set  of  holes,  drilled  and  broached 
through  a  single  2.00"  thick  aluminum 
forging  were  satisfactorily  deburred 
per  process  plan  instructions. 

All  holes  of  this  set  exhibited  a 
surface  finish  of  "63  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny  except  in  the  areas  previously 
identified  as  having  a  "satin  finish". 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  36  * 
HOLE  SIZE:  0.199'70.202'' 


I.  OVERVIEW: 

\ 

This  set  of  production  holes  feetures  drilling  end  reaming  of 
the  R.  H.  Nacelle  Assesdtly.  The  structure  Is  a  multi-layered  stack 
of  titanium  skin  and  steel  frame  member  whose  combined  thickness  In 
the  area  to  be  surveyed  Is  approximately  0.25".  The  subject  hole  Is 
sized  by  Engineering  at  0.199'70.202". 

Drill:  0.190"  diameter 

Reamer:  0.1992"  diameter  piloted  reamer 

Motor:  QDP-15APB,  3/8"  Jacobs  Chuck 

Coolant:  555  Crystal  Cut  @10:1  Water  Mix 

Info:  Drilling  and  reaming  were  performed  In  the 

direction  of  the  titanium  skin  through  to 
the  steel  frame.  Inspection  utilizes  plug 
"Go"  and  blade  "No-Go"  gaging  method. 


II.  SlimARY: 

A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for  survey 
Inspection.  The  method  of  production  utilized  a  heavy  overlay 
drill  plate,  pinned  and  clamped  to  the  nacelle  structure  to 
facilitate  locking  on  the  Quackenbush,  air  driven  drill  power 
head.  Hand  fed  Crystal  Cut  555  coolant  and  air  ware  used  as 
drlll/reamsr  lubricant.  Holes  were  drilled  by  Quackenbush  to 

a  preliminary  size  of  0.190"  and  followed  by  Quackenbush,  air 
driven  drill  motor  and  0.1992"  piloted  tip  reamer  to  achieve  the 
final  hole.  Inspection  measurements  were  obtained  via  "thru-hole" 
air  probe. 

B.  Reference  Executive  Summery  Data  Lot.  This  set  discloses  a  measure¬ 
ment  distribution  whose  arithmetical  average  Is  0.200734"  for 

the  set  of  twenty-nine  (29)  holea.  This  value  Is  an  excellent 
feature  since  It  resides  at  the  mld-polnt  vicinity  of  the  Engineer¬ 
ing  tolerance  range.  All  of  the  holes  of  this  set  meet  the 
criterion  established  by  Engineering.  Specific  dlecuselon  on  the 
geometric  characteristics  of  the  holes  are  dlscusaed  at  paragraph 

III. 


*  DRILL  METHOD  CORDING:  Q»2  •  Quackenbush,  Air  Power  Reamer,  Mechanical 
Quackenbush,  air  powered  drill  &  accessory  tooling. 
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c. 


The  Colter  Statistical  Printout  for  this  leriea  of  holes  provides 

t  t«ce«ble  to  the  following  for  the  production  of 
very  good  holes; 


1.  Custom  designed  fixturing  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 


2. 


Quackenbush,  air  powered  drill  and  accessory  tooling 
preliminary  holes  at  assembly  to  0.190"  size. 


produces 


3.  Quackenbush,  air  powered  drill,  driving  a  piloted  reamer 
achieves  final  hole  size  per  Engineering  using  a  0,1992" 
reaaier. 


4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements.  Plug  and  blade 
gages  are  employed  for  "Go"/"No-Go"  Gaging  inspection. 

III.  CHARACTERISTICS! 


232  data  entries  were  accrued  for  the  series 
of  twenty-nine  (29)  holes.  The  arithmetical  average 
for  the  set  is  0.200734",  well  below  the  0.2020" 
high  limit  per  established  Engineering  Criterion. 

This  is  an  excellent  series  of  holes  on  size. 

The  relative  thinness  of  the  steel  and  titanium 
members  in  the  assembly  stack  precludes  the 
acquisition  of  good  profile  data  to  pmlnt  out 
meaningful  trends. 

Reference  CoBq>uter  Individual  Hole  Printout  discloses 
an  excellent  range  distribution  of  hole  swasuresMnts. 
Only  0.002267"  separated  the  m 
measurement  recording  for  this  set  of  holes. 

1.  The  spread  of  measurements  taken  at  ei^t  (8) 
locations  within  each  hole  are  as  follows: 


Hole  # 

Range 

MsJl 

Sms. 

1 

.  0.000255" 

16 

0.000302" 

2 

0.000198" 

17 

0.000517" 

3 

0.000190" 

18 

0.000411" 

4 

0.000181" 

19 

0.000334" 

5 

0.000381" 

20 

0.000353" 

6 

0.000371" 

21 

0.000243" 

7 

0.000448" 

22 

0.000431" 

8 

0.000310" 

23 

0.000263" 

9 

0.000569" 

24 

0.000164" 

10 

0.000276" 

25 

0.000319" 

11 

0.000672" 

26 

0.000089" 

12 

0.000078" 

27 

0.000332" 

13 

0.000414" 

28 

0.000360" 

14 

0.000184" 

29 

0.000388" 

15 

0.000642" 
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Note;  Individually,  only  four  (4)  holaa. 
Identified  Hole  #9,#11,#15  end  #17 

reveal  a  range  value  that  exeeede 

0.0005". 

2.  Thla  eertee  of  ho  lee  are  exceptionally  good 

conelderlng  the  fact  of  horliontal 
drllllng/reamlng.  Side  load  ovalltv  le  not 
•PPeyent  In  the  flnlahed  holes. 

3.  Individual  Hlatograne  dlaeloee  a  Nomal  Gauelan 
Dlatrlhutlon  on  the  neaeurenent  population 

and  all  are  grouped  In  the  vicinity  of  the 
■Id-polnt  tolerance  range.  The  Executive 
Histogram  for  the  entire  data  set  discloses  a 
similar  distribution. 

Operator  care  and  skill  In  tool  handling  are 
apparent  In  the  end  product  quality  of  this 
series  of  holes. 

Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at 

Ho^e  #1^  and  recorded  at  0.000552"  at  Level  #2  on  the 
45  -ISS  axes.  This  value  Is  negligible  on  hole 
quality.  A  faying  surface  Interface  from  titanium 
to  steel  occurs  at  this  level  thus  resulting  In  an 
ovality  enlargement  of  the  hole  most  probably  the 
result  of  extremely  sll^t  gap  In  the  stack  clse^- 
up. 


Ovality  was  not  a  cause  for  concern  on  this  set. 
Reference  to  Individual  Hole  Computer  Printout 
discloses  all  holes  to  be  extremely  good  on  the 
ovality  measurements.  None  of  the  holes  of  this  set 
exceeded  the  Engineering  Criterion. 

Perpendicularity:  Heavy  drill  plate  with  long  engagement  bushings 
assures  perpendicularity  of  the  holes  with  regard  to 
the  structure.  This  series  of  holes  were  cheeked  by 
by  gaging  via  sample  fastener  Installation.  The 
holes  were  verified  to  be  normal  (90**)  to  the  longl> 
tudlnal  axis  of  the  holes  with  regard  to  the  drilled/ 
reamed  nacelle  structure. 

Stral^tness:  Straightness  Is  within  Engineering  design  tolerance 
as  Indicated  by  profile  analyses. 

Barrelling:  None  evident  via  profile  analyses.  The  material 

thlcknees  combination  at  0.25"  precluded  acquisition 
of  more  msasurements  for  profile  analyees. 


Be llmou thing:  None  evident  per  profile  analyses.  Occasional 
slight  enlargement  at  either  the  entrance  and/or 
exit  planes  of  the  holes  Is  evident  but  not  severe 
enough  to  consider  the  feature  as  bellmouth.  It 
exists  as  either  lead-in  wobble  or  Irregular 
hreak-out  loading  on  the  holes. 

Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of 
holes  exhibited  a  very  good  Interior  wall  texture. 
There  were  only  shallow  angle  rifling  traces  on  the 
hole  sidewalls  when  Inspected  by  Sight  Pipes  at 
3X  magnification.  There  were  no  chatter  marks  nor 
vertical  scoring  In  these  holes. 

Burrs:  This  set  of  holes  was  drilled  through  a  laminated 

stack  and  was  deburred  satisfactorily  In  the  normal 
process  plan  work  Instructions. 

Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 
of  approximately  "100  AA".  Optical  surface  compar¬ 
ator  was  used  In  this  inspection.  Surface  was 
smooth  and  shiny. 


DRILL  METHOD  MS 


RANKING  NUMBER  37  * 

HOLE  SIZE:  0.3120"/0.3140" 

I.  OVERVIEW; 

A.  This  set  of  production  holes  features  drilling  and  reaming 
of  the  Hinge  Assembly,  Main  Landing  Gear  Inboard  Door, 
Forward.  The  structure  is  a  stack-up  consisting  of 
steel  outer  face  lugs  sandwiching  three  (3)  aluminum 
filler  plates  of  0.125"  thickness.  The  entire  stack, 
approximately  1.00"  thick,  was  Inspected  by  "thru-hole" 
air  probe  to  ascertain  hole  size  and  geometric  features. 

The  subject  hole  is  sized  by  Engineering  at  0.3120"/ 

0.3140". 

1 1 .  S  RY : 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  The  method  of  production  utilized  a 

small  custom  portable  drill  fixture  to  assure  hole  location. 
Holes  were  drilled  by  machine  shop  vertical  turret  drill 
press  and  reamed  by  the  same  technique  to  an  undersize 
dimension.  Final  reaming  to  full  drawing  size  was  acc¬ 
omplished  by  hand-held  air  powered  drill  motor. 

B.  These  holes  disclose  a  measurement  distribution  whose 
Arithmetical  Average  is  0.314626"  for  the  set  of  twenty- 
nine  C29>  holes.  All  of  the  holes  of  this  set  were  over¬ 
size  and  exhibit  a  classic  example  of  "barrelling" 
throughout  the  aliuninum  central  portion  of  the  structure. 
Specific  details  on  the  geometric  characteristics  of  the 
holes  are  discussed  in  paragraph  111.  Generally,  the  outer 
steel  shell,  representative  of  the  entrance  and  exit 
planes  of  the  parts,  are  within  the  Engineering  tolerance 
criterion  or  are  only  slightly  above  the  Engineering 
tolerance.  Holes  #9,  #15  and  #19  are  classic  examples 

of  "barrelling"  within  the  structure. 

*  DRILL  METHOD  CODING:  MS  •  Miscellaneous  System  -  Track  mounted 

drill 

Vertical  Turret  Drill  Press  w/small  custom  fixture  for  drilling. 

Hand-held  air  driven  drill  using  a  reamer  for  final  hole  sizing. 
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II.  (Continued) 


C.  The  computer  data  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  follow¬ 
ing  for  the  production  of  these  holes: 

1.  Small  custom  designed  drill  fixture  ensures  Inter- 
*  changeability  and  location  reliability. 

2.  Vertical  Turret  Drill  Press  and  accessories  are 
adequate  for  hole  production  but  long  hole  engage¬ 
ment  of  the  central  section  (aluminum)  exposed  to 
the  steel  outer  face  chips  results  in  barrelling. 

3.  Hand-held  air  powered  drill  motor  final  reaming 
contributes  to  the  creation  of  oversize  holes  and 
"barrelling." 

4.  Detail  planning  is  satisfactory  for  work  Instruc¬ 
tions  and  Inspection  requirements. 

III.  CHARACTERISTICS; 

A.  Hole  Size:  a.  Reference  "Executive  Summary  by  Data 

Lot"  and  "Executive  Summary  Histogram". 
The  Arithmetical  Average  for  the  entire 
set  of  twenty-nine  (29)  holes  is 
0.314626";  also,  the  measurement 
dispersion  of  the  Histogram  crowds 
the  limit  of  the  tolerance  and  spills 
over  Into  the  out  of  tolerance 
condition.  Both  of  these  features 
are  the  result  of  the  "barrelling" 
in  the  center  aluminum  portion  of  the 
hardware  stack.  Host  probably  cause 
for  the  oversize  and  "barrelling" 
features  are: 

1.  Steel  chip  Impingement  Into  the 
relatively  long  engagement  soft 
center  portion  aluminum. 

2.  Instability  of  reaming  using  ^ 
hand-held  drill  motor  contributee 
to  the  enlargenent  of  t^e 


III.  A.  (Continued)  2.  (Continued) 

In  the  steel  at  the  entrance  plane 
of  the  parts  and  spurs  In  the  hole 
profile  Induced  by  side  loads. 

b.  Hole  1^23,  the  largest  of  the  series 

at  0.317112"  Illustrates  the  Instability 
phenomenon  related  to  hand-reaming. 

Reference  Individual  Hole  Profile  computer 
printout.  The  lower  spike  suggests 
a  side  load  on  the  reamer  Just  prior 
to  entering  the  steel  since  the 
"barrelling"  characteristic  Is 
missing  In  this  hole. 

c.  True  Isolation  of  hole  profile  features 
suggest  that  measurements  on  sample 
parts  be  taken  as  follows  to  Isolate 
"barrelling"  feature: 

1.  Perform  measurements  of  same  nature 
with  air  probe  after  drilling. 

2.  Perform  measurements  after  machine 
reaming . 

3.  Perform  measurements  after  hand 
reaming . 

4.  Compare  the  controlled  samples. 

B.  Ovality;  Hole  1^12  recorded  the  largest  ovality 

of  the  set  at  0.002259"  on  level  #6 
of  the  0°-90°  axes.  This  hole  also 
supports  the  "spur"  phenomenon  pro¬ 
posed  as  a  result  of  hand  reaming 
side  loads.  Reference  Individual 
Hole  Profile  Printout.  "X"  figures  in 
the  profile  equal  one  thousandth  of 
an  Inch  (.001")  and  figures  to  the 
far  .right  of  the  column  equal  tenths 
of  thousandths  of  ain  inch  (0.0001")  t 

;  l.e.,  ."K^-^- - 4"  equals  0.0024".  The 

•'barrelling"  feature  overwhelmed  all 
other  characteristics  In  this  set  of  holes. 


III.  (Continued) 


C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole 
with  regard  to  the  bulkhead  and  fitting 
machined  face  (interface  surface). 
Perpendicularity  was  verified  to  be 
zero  degrees  (0°)  to  one  quarter  degree 
(1/4°)  when  measured  with  the  lOX 
magnification  Azimuth/Angle  Gaging 
Device.  All  holen  were  well  within 
the  Engineering  tolerance  criterion. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by  the 
profile  analyses. 

E.  Barrelling:  None  evident  as  indicated  by  the  profile 

analysis. 

F.  Bellmouthlng:  Generally  evident  as  indicated  by  profile 

analysis.  This  characteristics  was 
precipitated  as  a  result  of  band 
reaming  and  operator  instability. 
Reference  Item  III.  A.  d. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Sight  Pipes 
at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring 
in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed 

through  stacked  arrangement  of  bulk¬ 
head  to  fitting  was  deburred  satis¬ 
factorily  in  the  normal  process  plan 
work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used  In 
this  inspection.  Surface  was  snooth 
and  shiny. 


DRILL  METHOD  Q-1 
RANKING  NUMBER  38* 
HOLE  SIZE:  0.199'70.202'* 


I.  OVERVIEW: 

This  set  of  production  holes  features  drilling  and  reaming 
of  the  Nacelle  Assembly.  The  structure  is  an  aluminum 
Stringer  (Skin  was  removed  for  this  survey)  whose  thickness 
in  the  area  to  be  surveyed  is  0. 350" /O. 380".  The  subject 
hole  is  sized  by  Engineering  at  0.1 99"/ 0.202:  for 
installation  of  Huck  Lok  Bolts. 

Drill:  0.190"  Diameter 

Reamer:  0.1992"  Diameter 

Motor;  QDP-15APB,  3/8"  Jacobs  Chuck 

Coolant:  555  Crystal  Cut  (Dip  tool  into  full 

strength  coolant) 

Info:  Inspection  utilizes  plut  "Go"  and 

blade  "No-Go"  gaging  method. 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  survey  inspection.  The  method  of  production  util¬ 
ized  a  heavy  leaf  drill  plate,  pinned  and  clamped  to 
the  Nacelle  to  facilitate  locking  on  the  Quackenbush, 
air  driven  drill  power  head.  Hand  fed  Crystal  Cut 

555  Coolant  and  air  were  used  as  drill/reamer  lubricant. 
Holes  were  drilled  by  Quackenbush  to  a  preliminary  size 
of  0.190"  and  followed  by  hand  reaming  via  hand  held  air 
motor  and  0.1992"  piloted  tip  reamer  to  achieve  the 
final  hole.  Inspection  measurements  were  obtained  via 
"thru-^hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.200652"  for  the  set  of  twenty-nine  (29) 

*  DRILL  METHOD  CODING;  Q-2  -  Quackenbush  -  Air  Power  Reamer. 

Mechanical 

Quackenbush,  air  powered  drill  and  accessory  tooling. 


B.  (.Continued) 


holes.  This  value  is  an  excellent  feature  since  it 
resides  at  the  mid-point  vicinity  of  the  Engineering 
tolerance  range.  ^  of  the  holes  of  this  set  meet 
the  criterion  established  by  Engineering.  Specific 
discussion  on  the  geometric  characteristics  of  the 
holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  very  good  holes: 

1.  Custom  designed  fixturing  ensures  Interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessor^' 
tooling  produces  preliminary  holes  at  assembly  to 
0.190"  size. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted 
reamer  achieves  final  hole  size  per  Engineering 
using  a  0.1992"  reamer. 

4.  Planning  is  very  good,  providing  adequate  work 
instructions  and  definition  of  Inspection  require¬ 
ments.  Plug  and  blade  gages  are  employed  for 
"Go"/"No-Go"  Gaging  inspection. 

CHARACTERISTICS: 

A.  Hole  Size:  464  data  entries  were  accrued  for  thq 

series  of  twenty-nine  (29)  holes.  The 
arithmetical  average  for  the  set  is 
0.200652",  well  below  the  0.2020" 
high  limit  per  established  Engineering 
Criterion.  This  is  an  excellent  series 
of  holes  on  size  and  shape  features 
considering  the  fact  that  hand  reaming 
was  employed  to  achieve  the  final  hole 
size. 

Reference  Computer  Individual  Hole 
Printout  discloses  an  excellent:  range 
of  hole  measurements  for  a  material 
thickness  at  0.35'70.38". 


1.  The  spread  of  measurements  taken  at 
sixteen  (16)  locations  within  each 
hole  are  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000250" 

16 

0.000328" 

2 

0.000414" 

17 

0.000810" 

3 

0.000500" 

18 

0.000828" 

4 

0.000216" 

19 

0.000405" 

5 

0.001009" 

20 

0.000250" 

6 

0.000198" 

21 

0.000362" 

7 

0.000405" 

22 

0.000664" 

8 

0.000353" 

23 

0.000405" 

9 

0.000888" 

24 

0.000603" 

10 

0.000853" 

25 

0.000397" 

11 

0.001457" 

26 

0.000397" 

12 

0.000905" 

27 

0.000302" 

13 

0.001724" 

28 

0.000621" 

14 

0.001198" 

29 

0.000336" 

15 

0.000090" 

2.  Five 

(5)  holes. 

identified  hole 

#1. 

#4,  #6,  #15  and  #16 

are  vir- 

tually  perfect  specimens.  Refer¬ 
ence  to  Individual  Computer  Print¬ 
out  discloses  their  individual 
profiles  to  be  free  of  imperfec¬ 
tions.  Refer  ’  *tem  III.A.l 
above  for  the  specific  range  dis¬ 
tribution  on  hole  measurements. 

3.  Four  (4)  holes  identified  Hole 
#10,  #11,  #12  and  #24  reveal  a 
tapering  enlargement  feature  and 
chip  scarring  Inside  of  the  holes. 
The  taper  is  greatest  at  the  top  of 
the  hole  and  diminishes  as  it  ap¬ 
proaches  the  exit  plane  of  the  dr 
drill/reamer.  During  drill  fnd 
reaming,  a  titanium  skin  overlaid 
the  stringer;  therefore,  a  titanium 
chip  is  rationalized  as  the  most 
,  probable  cause  for  the  spikes  in 


the  data  values  of  Holes  ifllt  ifll 
and  #24  at  their  second  plane  of 
measurements.  On  Holes  #10  and 
#11  the  spike  Is  limited  to  plane 
#2.  On  Hole  #12  the  feature 
exists  as  a  spiral  between  Its 
second  and  third  plane  levels  of 
measurements.  On  Hole  #24  the 
scar  Is  of  varying  depth  around 
the  hole  at  plane  level  #2.  Ref¬ 
erence  Individual  Computer  Print¬ 
out  for  confirming  evidence  of 
the  aforenoted  conditions.  The 
Imperfections  are  very  minute  and 
do  not  exceed  the  permissible 
Engineering  tolerance. 

Four  (4)  holes,  Identified  Hole 
#8,  #13,  #25  and  #29  exhibit  a 
slight  bellmouth  condition  at 
their  drlll/reamlng  entrance  plane 
vicinity.  As  In  Item  III. A. 3 
above,  titanium  chip  Impingement 
during  drill  and/or  reaming  Is 
suggested  as  cause  for  this  very 
slight  Imperfection  In  the  holes. 
Since  the  .tolerance  allowable  has 
not  been  violated,  hole  quality 
depreciation  has  not  been  com¬ 
promised  . 

Holes  #17,  #18,  #22  and  #28  exhibit 
a  bellmouth  and/or  taper  In  the 
vicinity  of  their  drill/reamer 
exit  planes.  Slight  overheating 
due  to  coolant  starvation  Is  sug¬ 
gested  as  most  probable  cause  for 
this  feature  In  the  noted  holes 
since  the  enlargement  Is  relatively 
constant  and  affects  all  axes  of 
measurements.  Hole  quality  has 
not  been  affected  since  the  cond4^ 
tlon  Is  extremely  slight  and  well 
within  the  tolerance  allowable 
per  Engineering. 


V.  (Continued) 

B.  Ovality:  Maximum  recorded  ovality  within  the 

set  occurred  at  Hole  #11  and  recorded 
at  0.000922"  at  level  #2.  This  value 
is  negligible  on  degradation  of  hole 
quality  as  has  been  reported  per  Item 
III.  A.  3. 

C.  Perpendicularity:  Hole  size,  0.199"/0.202"  would  not 

permit  Inspection  via  the  Angle/Azimuth 
Gaging  Device,  therefore  verification 
of  perpendicularity  was  verified  by 
sample  fastener  Installation  and  head 
gap  Inspected.  The  holes  were  normal 
to  the  longitudinal  axis  of  the 
holes  and  acceptable  to  established 
Engineering  Criterion. 

D.  Bellmouthlng:  Evident  In  very  subtle  amounts  as  In¬ 

dicated  by  Holes  referenced  In  the  note 
at  Item  III. A. 3.  Various  other  holes 
of  this  set  exhibit  the  same  condition 
at  their  entrance  and  exit  planes  of  dril¬ 
ling:  however,  none  of  conditions  ex¬ 
ceed  the  allowable  Engineering  tolerance. 

E.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
Interior  wall  texture.  There  were 
only  infrequent  perceptible  rifling 
traces  on  the  hole  sidewalls  when  inspec¬ 
ted  by  Sight  Pipes  at  3X  magnification. 
There  were  no  chatter  marks  nor  vertical 
scoring  In  these  holes. 

F.  Burrs:  This  set  of  holes  was  drilled  through 

a  laminated  stack.  The  skin  was  removed 
and  the  stringer  deburred  satisfactorily 
in  the  normal  process  plan  work  instruc¬ 
tions. 

G.  Surface  Finish:  11  holes  of  this  set  exhibited  a  surface 

finish  of  approximately  "100  AA".  Op¬ 
tical  surface  comparator  was  used  in  this 
inspection.  Surface  was  smooth  and  shiny. 
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drill  method  Q-1 

RANKING  NUMBER  39  * 
HOLE  SIZE:  0.62A5"/0.6260" 


I.  OVERVIEW! 

A  This  set  of  production  holes  feature  drilling  and 

reamlnrof  tie  wxag  Front  Spar  Aaaambly.  noted 

fittings  are  0.500”  thick  with  the  subject  hole 
flt  0.62A5"  by  Engineering. 


II.  SUMMARY! 


A. 


B. 


C. 


Twenty-nine  (29)  holes  were  available  in  this  structure 
for  iLoection.  The  method  of  production  was  custom 
fixtiring  to  assure  hole  location  and  interchangeability. 
The  fixture  was  loaded  horizontally.  Drill  plates 
lnLrp“rted  locator  buahinga  and  dimple  pilot,  for  ^ 
hole^  Drilling  was  accomplished  with  a  track  mounted 

pushed  by  piloted  reamer.  Measur^ents  of  the^  subject 
holes  were  obtained  by  the  Survey  Team  using  a 
hole"  air  probe. 

This  set  discloses  a  measurement  distribution  whose 
Sirt^tlcel  average  la  0.626713"  for  the  net  of  teenty- 
nlne  (29)  hole..  All  of  the  hole.  ji,. 

Reference  to  the  "Executive  Summary  by  f  ’ 

closes  a  measurement  spread  range  of  0.003517 
the  set;  also,  the  "Executive  Summary  Histogram  Di  - 
tributlon"  reveals  the  measurements  to  be  in  exces 
the  Engineering  high  limit  0.6260  . 
oversize  condition  on  this  set  of  holes  is  discusse 

in  paragraph  III. A. 

The  computer  Statistical  Printout 

holes  provides  composite  clues  traceable  to  the  to 
lowing  for  the  production  of  these  holes. 


*  DRILL  METHOD  CODING:  Q-1 


Quackenbush  -  Handheld  Air  Power 
Reamer 

Vertical  Uzy-Arm  Farnham  drill  w/hand-held,  air  powered 
reaming  out  of  fixture. 
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II.  C.  (Continued) 

1.  Custom  designed  fixture  ensures  Interchangeability 
and  location  reliability. 

2.  Lazy  Arm  Farnham  Drill,  air  powered  track  mounted 
and  Integral  to  the  fixture  used  for  drilling. 

3.  Hand-held  air  powered  drill  motor,  piloted  reamer 
for  final  hole  reaming. 

A.  Planning  Is  adequate  to  ensure  model  and  serial 
number  traceability  for  assembly  that  Is  too 
abbreviated  to  provide  other  than  "Go"/"No-Go" 
gaging  acceptance  on  holes. 

III.  CHARACTERISTICS ! 

A.  Hole  Size:  a.  Reference  "Executive  Summary"  for  this 

set.  580  measurements  were  accrued  for 
this  series  of  holes.  The  Arithmetical 
Average"  for  the  set  Is  0.626743"  with 
related  cause  defined  in  the  following 
text. 

b,  All  twenty-nine  (29)  holes  were  over¬ 
size  to  some  degree  with  the  lease 
oversize  at  Hole  #15,  0.626017"/0.626A22"; 
Hole  #25,  0.626172'70. 626603";  and 

Hole  #2,  0.626328*70.626802". 

c.  Hole  #20,  the  largest,  reveals  a  size 
of  0.626457"/0. 628716".  Refer  to  the 
"Statistical  Printout"  for  individual 
hole  sizes  and  characteristics. 

NOTE:  Refer  to  the  "Executive  Summary  Histo¬ 

gram"  and  the  "Individual  Hole  Histo¬ 
grams".  All  data  elements  with  few 
exceptions  are  at,  or  above,  the 
0.6260"  high  limit.  Areas  suspect  for 
cause  of  the  oversize  are" 

1.  Planning:  The  assembly  after 
drilling  and  reaming  to  size  Is 
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(Continued) 


disassembled,  debarred  then  reas¬ 
sembled  for  partial  riveting. 

Shift  of  the  "line  reamed",  close 
tolerance  holes  (very  slight)  is 
possible. 

2.  Riveting  of  the  fitting  causes  a 
subtle  position  shift  of  the  close 
tolerance  holes.  This  shift  was 
verified  by  the  fact  that  a  close 
tolerance  plug  could  not  be  passed 
through  the  "line-reamed"  tongues 
of  the  subject  fittings  at  station 
27  after  riveting.  Hand  reaming 
using  a  piloted  reamer  and  hand 
ratchet  wrench  driven  was  accom¬ 
plished  to  re-establish  the  "line 
reamed  -  through  hole  feature"  of 
the  assembly. 

3.  Hand  line  reaming  after  riveting 
resulted  in  the  slight  oversize 
and  oval  conditions  of  these  holes. 

4.  All  of  the  holes  reveal  a  very 
slight  taper  at  either  the  entry 
plane  of  the  reamer  or  its  exit 
plane.  This  slight  taper  (or 
bellmouth) ,  results  from  the  exec¬ 
ution  hand  reaming  per  Item  #3 
above . 

Ovality;  The  maximum  ovality  of  the  set  occurred 

at  Hole  #4  and  was  recorded  at  0.002371' 
Ovality  generally  throughout  the  set 
ranges  only  in  tenths  of  a  thousandth 
of  an  inch  and  is  suggested  to  be 
largely  the  result  of  hand-ratchet 
reaming  to  achieve  re-alignment  of  the 
fitting  holes. 

Perpendicularity;  All  holes  within  this  set  were  nor¬ 
mal  to  the  longitudinal  axis  of  the 
hole  with  regard  to  the  machine  surface 
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V.  C.  (Continued) 

of  the  fittings.  Perpendicularity 
was  verified  to  be  zero  degree  (0  ) 
when  measured  with  the  lOX  magnification 
Azimuth/Angle  Gaging  Device. 

D.  Straightness;  Straightness  is  within  Engineering  design 

tolerance  as  indicated  by  the  profile 
analysis . 

E.  Barrelling:  None  evident  as  indicated  by  profile 

analyses. 

F.  Bellmouthing:  Generally  evident  as  indicated  by 

profile  analyses.  This  characteristic 
was  precipitated  as  a  result  of  hand- 
ratchet  reaming  to  achieve  close 
tolerance  hole  re-alignment. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
Interior  wall  texture.  There  was 
only  an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Sight  Pipes 
at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring 
in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed 

through  a  clevis  arrangement  of 
flanges,  was  deburred  satisfactorily 
in  the  normal  process  plan  work 
instructions. 

I.  Surface  Finish:  All  Holes  of  this  set  exhibited  a  sur¬ 

face  finish  of  "63  AA"  or  better.  Op¬ 
tical  Surface  Comparator  was  used  in 
this  Inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD 

ranking  number  40  * 
HOLE  SIZE  0.2500'70.2540'' 


OVERVIEW; 

A.  This  set  of  production  holes  features  drilling  of  a  structure, 
approximately  0.625”  thick.  This  is  an  aluminum  stack>up  of 
three  (3)  laminates  (-001  machined  fitting,  web  and  -002 
machined  fitting).  The  subject  hole  is  sired  by  Engineering 
at  0.2500'70.2540”  for  HlLok  fastener  installation.  Type  II, 
per  STF  2006. 

SUMMARY! 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
survey  inspection.  The  method  of  production  utilised  a  pilot 
drilled  -001  machined  fitting  to  assure  basic  hole  location. 
These  holes  were  drilled  on  assembly  by  hand-held,  air  powered 
drill  motor  for  all  drilling  operations.  Reaming  was  not 
planned  nor  performed  to  obtain  the  final  hole  sislng.  Several 
drilling  operations  were  performed  to  arrive  at  the  final  hole 
size.  Drill  stalling  was  a  frequent  phenomenon  owing  to  in¬ 
sufficient  chip  clearance  between  the  accessory  drill 
bushing  and  the  entrance  surface  of  the  structure  being  drlllM 
Inspection  measurements  were  obtained  via  "thru-hole  air  probe 

B.  Reference  Executive  Summary  by  Data  Lot.  These  holes  disclose 
a  measurement  distribution  whose  arithmetical  average  is 
0.249554"  for  the  lot  of  twenty-nine  (29)  holes.  Nearly  a^ 

of  the  holes  of  this  series  failed  to  achieve  a  site  configura¬ 
tion  in  compliance  with  the  low  limit  (0.2500")  criterion 
established  by  Engineering.  The  holes  were  of  good  quality 
but  undersize.  The  undersize  condition  of  the  entire  set 
leads  to  the  suspicion  that  a  1/4"  drill,  sized  at  its 
acceptable  low  limit  tolerance  (0.2490"),  per  American 
Standard  Twist  Drill  Tolerance,  was  used  in  the  final  drilling 
operation.  The  geometric  features  of  this  set  of  holes  are 
discussed  at  paragraph  III. 

C.  TThe  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the 
production  of  these  holes: 

1.  Custom  designed  flxturlng  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 

DRILL  METHOD  CODING:  H-1  -  Hand-Held  Drill,  Ho  reaming. 

Pilot  drilled  -001  machined  fitting.  Hand-held,  air  powered  drill. 

No  reaming. 


2.  Hand-held,  air  ponarad  drill  iMthod  and  aceaatorlaa  produeaa 
good  baale  holaa.  Aecaaaory  tooling  vaa  a  drill  block,  aaeurad 
by  elaeo  clanging  in  a  pracading  hola  to  atabiliia  tha  tooling 
againat  ''roll-orar'*  during  drilling.  Drill  block  is  sinilar 

to  spacanatic  drill  locating. 

3.  Raaning  vas  not  plaimad  nor  angloyad  to  obtain  tha  final  hola 
aisa. 

4.  Planning  is  vary  good,  providing  adaquata  work  instructions 
and  definition  of  inspection  raquiransnts. 

III.  CHARACTERISTICS! 

A.  Hole  Sica:  808  data  entries  ware  accrued  for  tha  this  series  of 

twenty-nine  (29)  holes.  Tha  arithnatical  average  for 
tha  set  is  0.249554",  wall  below  tha  0.2500"  low  limit 
per  established  Engineering  Criterion.  Tha  suspected 
causa  for  virtually  all  of  tha  holes  of  this  set  being 
undersise  has  bean  stated  as  an  undarsisa  drill. 

a.  A  1/4"  drill  sisad  at  0.2490"  is  suspected  as  tha 
drill  used  for  tha  final  hola  since  all  of  tha 
holes  are  clustered  at  0.2490"  to  0.2499"  naasura- 
aiant  distribution. 

b.  Holes  #3, #9  and  #23  era  axanglas  approaching  tha 
largest  hole  sises.  It  is  apparent  via  the  Indivi¬ 
dual  Role  Profiles  that  these  holes  are  tapered 
from  either  the  start  plane  of  the  drilling  or  at 
drill  exit  plana.  Most  probable  cause  of  the  taper 
(although  only  0.001"  in  magnitude)  is  chip  loading 
from  drill  stalls.  Tha  operator  was  frequently 
observed  backing  out  a  stalled  drill  by  hand  to  clear 
the  hole. 

c.  Holes  #1,  #4  and  #5  and  #13  are  examples  of  side 
loading  induced  by  operator  instability  during 
drilling. 

d.  Individual  Histograms  coupled  with  the  individual 
Hola  Profiles  of  these  holea  disclose  that  side 
loading  affect  on  holes  and  tha  lead  in  or  break-out 
taper  are  the  plqrsieal  features  which  permitted  a 

few  holes  to  approach  the  low  limit  of  the  Engineering 
tolerance. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hola 

#23  and  recorded  at  0.002267"  at  Level  #7.  Ovality  was 
induced  by  irregular  braak-out  load.  Tha  condition  is 
axtrasMly  negligible  in  magnitude  and  exceed  the 

allowable  Engineering  tolerance. 
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Througitout  the  set  ovellty  is  veil  below  0.0006"  In 
Mgnitude  end  is  well  within  the  tolerance  allowable 
for  this  feature.  In  cases  where  the  ovality  exceeded 
0.001  ,  Holes  #7»  #20,  #23  and  #26,  the  condition  was 
precipitated  by  the  taper  discussed  in  item  III.  A.  b. 
above.  There  are  no  ovality  conditions  in  this  set  which 
exceed  the  Engineering  Criterion. 

C.  Perpendicularity:  Hole  andersise  condition  would  not  permit  inspec¬ 

tion  via  the  Angle/Asimuth  Gaging  Device,  therefore 
verification  of  perpendicularity  was  verified  by  saaple 
fastener  installation  and  head  gap  inspected.  The  holes 
were  normal  to  the  longitudinal  axis  of  the  holes  and 
acceptable  to  established  Engineering  Criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  Holes  #8  and  #25  Individual  Profiles  reveal  a  very  subtle 

barrelling  feature.  Both  holes  are  the  result  of  drill 
op®Mtor  instability  and  the  feature  does  not  exceed  the 
tolerance  permitted  by  Engineering'  - 

F.  Bellmouthlng:  Evident  in  very  silnute  and  subtle  amounts  as  indicated 

by  Holes  #^,  #10  and  #16.  Various  other  holes  of  this 
set  exhibit  the  aasM  condition  at  either  their  entrance 
or  exit  planes  of  drilling;  however,  none  of  the  conditions 
exceed  the  allowable  Engineering  tolerance. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  ©f  holes 

eidiibited  a  very  good  interior  wall  texture.  There  was 
only  an  occasional  very  shallow  angle  rifling  when 
inspected  by  Sight  Pipes  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical  scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  through  a  laminated  stack 

and  was  deburred  satisfactorily  In  the  normal  process 
plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  "100  AA"  or  better.  Optical  surface  comparator  was 
used  in  this  inspection.  Surface  was  smooth  and  shiny. 


DRILL  METHOD  H-3 


RANKING  NUMBER  41  * 
HOLE  SIZE:  0.3090"/0.3130" 


I.  OVERVIEW: 


A.  The  structure  is  an  all  aluminum  stack-up  approximately 
0.60"  thick  and  the  subject  hole  is  sized  by  Engineering 
at  0. 3090"/0. 3130"  after  finish  reaming. 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  survey  Inspection.  The  sequence  of  producted  directed 
preliminary  reaming  of  the  holes  to  prepare  them  for  cold 
working;  cold  work  split  sleeve  and  mandrel  expansion  of 
the  holes;  hand  reaming  to  the  final  size  for  fastener 
Installation.  Hole  expansion  was  accomplished  via  air 
powered  tooling  and  the  reaming  operations  by  hand  held 
air  powered  drill  motors  driving  piloted  tip  reamers. 

B.  All  of  the  holes  in  this  set  except  Hole  #13  are  within 
the  Engineering  criterion  of  0. 3090"/0. 3130" . 

Reference  Executive  Summary  for  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.310151"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  is  excellent  since  it  resides  at  the 
low-limit  vicinity  of  the  tolerance  range.  There  is  an 
Inherent  feature  of  bellmouthlng  apparent  throughout  the 
set. 

Specific  discussion  on  the  geometric  characteristics  of 
the  holes  are  discussed  at  paragraphs  III  along  with 
rationale  disclosures  for  most  probable  causes  for  the 
bellmouth  characteristic  in  this  series  of  holes. 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  following: 

1.  Hand-held  air  powered  drill  motors  for  final  reaming 
operations. 

*  DRILL  METHOD  CODING;  H-3  -  Hand  Held  Drilling;  Cold  Worked 

Hand  Held  Reaming 
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note: 


Reamer  Is  a  six  fluted  long  shank  piloted  tip 
reamer  sized  at  0»3090’*  (tip)  and  0«3110 
(shank) . 


2.  Lack  of  assist  tooling  to  stabilize  reamer  and  powerhead. 

3.  Affect  of  reaming  through  all  aluminum  in  the  assembly 
stack  is  apparent. 

HI.  CHARACTERISTICS: 

A.  Hole  Size:  1068  data  measurements  were  accrued  from  the 
twenty-nine  (29)  holes  comprising  this  set. 
Reference  Executive  Summary  by  Data  Lot  dis¬ 
closes  an  arithmetical  average  of  0.310151" 
for  the  set  which  is  an  excellent  and 
desirable  characteristic  since  it  resides  at 
the  low  vicinity  of  the  Engineering  Tolerance 
Criterion.  Reference  Individual  Hole  Computer 
Printouts.  Virtually  all  holes  of  this  set 
exhibit  a  chronic  slight  bellmouthing  feature 
at  the  start  plane  of  measurements  and  dis¬ 
appear  as  depth  in  the  hole  is  achieved.  The 
feature  is  slight  and  within  tolerance  except 
for  Hole  #13  as  follows: 

1.  Hole  #13  discloses  the  only  measurement  in 
this  set  in  excess  of  the  Engineering 
tolerance.  It  occurs  at  plane  level  1  at^^ 
the  135°  axis  and  is  recorded  at  0.313138  . 
This  dimension  has  been  discounted  as  a 
detriment  to  hole  quality  since  it  occurs 
at  the  entrance  plane  of  the  reamer  and  is 
completely  gone  at  the  next  plane  of 
measurements.  Slight  "center-seeking  at 
the  engagement  of  the  reamer  to  the  hole 
is  assessed  the  cause  for  this  bellmouth 
characteristic. 

2.  Holes  #1,  2,  6  and  7  are  good  examples 
Illustrating  a  bellmouth  condition  at  their 
entrance  areas  of  the  reamer  and  followed 
by  a  similar  feature  in  the  vicinity  of  the 
exit  planes  of  the  reamer.  In  all  cases, 
the  bellmouth  feature  is  predominant  at 
the  0°  and  135*^  axes  at  the  top  and  bottom 
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of  the  holes.  This  phenomenon  Illustrates 
the  affect  of  slight  side-loading  in  the 
hole  via  very  subtle  movement  (shift)  by 
the  operator  during  the  duty  cycle  of  ream¬ 
ing.  All  of  the  aforementioned  holes  are 
within  tolerance.  However,  the  trend  exists 
and  results  from  insufficient  stabilizing 
tooling.  A  supplementary  tooling  drill 
plate  with  Integral  reamer  guide  bushing 
also  serves  to  reduce  center-seeking  of 
the  reamer  by  affording  a  more  stable  path 
for  the  reamer. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred 

at  Hole  H  and  disclosed  a  value  of  0.002267" 
on  the  45  -  135  axes  at  level  1.  Ovality 
at  this  hole  did  not  exceed  the  Engineering 
tolerance  criterion  and  is  the  product  of 
the  bellmouth  feature  at  the  entrance  plane 
of  the  reamer  due  to  "center-seeking". 

Hole  //13  exhibited  one  measurement  at  0.313138" 
at  level  1.  Refer  to  narrative  at  par. 

III.A.l  for  details. 

Ovality  was  not  cause  for  concern  on  this  set. 

C.  Perpendicularity;  Severl  holes  within  the  series  were 

checked  by  gaging  with  a  lOX  magnification 
Azimuth/Angle  Gaging  Device.  The  holes  were 
normal  (90°)  to  the  longitudinal  axis  of  the 
hole  with  regard  to  the  outer  surface  of  the 
wing  structure. 

D.  Straightness:  Straightness  is  within  Engineering  design 

tolerance  as  indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 

F.  Bellmouthlng:  All  holes  are  bellmouthad  in  aaaoclation 

to  their  entrance  plane  characteristic.  Refer 
to  narrative  at  paragraph  III.A.1  and  Ill. A. 2. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This 

set  of  holes  exhibited  excellent  Interior  wall 
texture.  Inspection  was  performed  with  Sight 


Pipes  at  3X  magnification.  There  were  no 
chatter  marks,  rifling,  scratches  nor  scoring 
in  these  holes. 

Burrs:  There  was  no  evidence  of  burrs  in  the  stack-up 

of  materials  in  the  assembly. 

Surface  Finish:  All  holes  of  this  set  exhibited  a  surface 
finish  of  lOOAA  or  better.  Optical  surface 
comparator  was  used  in  this  inspection.  Surface 
was  generally  smooth  and  shiny. 


DRILL  METHOD  MS 


RANKING  NUMBER  42  * 
HOLE  SIZE  0.5005"/0.5015" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  Steering  Joint  Cross,  machined  detail  parts.  The 
details  are  7075  Aluminum  forgings.  The  subject  hole  Is 
sized  by  Engineering  at  0.5005"/0.5015".  Measurements 
were  taken  on  the  holes  at  0.100"  depth  and  followed  by 
0.0625"  Increments  thereafter  to  a  depth  of  0.540"  Into 
the  parts.  The  parts  were  rotated  180°  and  a  repeat  of 
measurements  was  accomplished;  hence,  Hole  //I  and  #2  Is 
equivalent  to  one  (1)  through  hole  In  a  given  detail  part. 
The  hole  selected  for  measurement  runs  parallel  to  the 
1 . 748"/l . 745"  length  dimension  and  Identified  datum  -A-. 

II.  SUMMARY 


A.  Fifteen  (15)  machined  detail  parts  were  used  for  Inspec¬ 
tion  to  accumulate  a  set  of  twenty-nine  (29)  holes.  The 
details  are  products  of  numerical  controlled  milling  and 
boring.  Measurements  were  taken  using  a  "thru-hole"  air 
probe. 

B.  Overall  characteristics  of  the  holes  of  this  set  were  of 
excellent  quality  with  Individual  attributes  discussed  In 
detail  In  paragraph  III.  Three  (3)  detail  parts  exhibited 
slightly  oversize  holes.  The  holes  of  these  parts  are 
Identified  Hole  //11/#12;  Hole  n\in2\  Hole  nkhn5  and 
will  be  discussed  In  paragraph  III. A.  The  Arithmetical 
Average  for  the  entire  set  of  twenty-nine  (29)  holes  Is 
0.501167"  which  Is  the  nominal  value  considering  an 
Engineering  tolerance  spread,  0. 5005"/0. 5015" . 

C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  producclon  of  excellent  holes: 

*  DRILL  METHOD  CODING:  MS  “  Miscellaneous  Systems  -  Track 

mounted  drill 

Numerical  controlled  milling  &  boring.  Numerically  controlled 
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1.  The  consistency  of  numerically  controlled  machining 
Is  evident  In  the  Histogram  profiles  of  the  measure¬ 
ment  distribution  on  the  holes. 

2.  Finish  of  the  holes  attest  proper  speed,  feed  and 
condition  (sharpness)  of  the  cutting  reamer. 

3.  Detail  planning  is  clear  and  concise  for  producl- 
blllty  requirements. 

III.  CHARACTERISTICS; 

A.  Hole  Size: 

a.  As  previously  stated,  three  (3)  detail 
parts  account  for  most  of  the  oversize 
holes.  Although  oversize,  the  Individual 
hole  series  of  measurements  reveal 
generally  only  0.0005"  or  less  variation 
throughout  their  entire  length.  Unknown 
is  the  total  quantity  of  parts  which 
represented  the  initial  machining  run; 
therefore,  speculation  suggests  possible 
starvation  of  coolout  resulting  in  heat 
up  of  the  cutting  tool  (reamer)  resulted 
in  the  oversize  condition  as  follows: 

Hole  #11,0.501672'70.5019A0";  Hole  #12, 
0.501664"/0. 502250". 

Hole  #21, 0.502086"/0. 502534";  Hole  #22, 
0.502095"/0. 502319". 

Hole  #24,0. 501379"/0. 501862";  Hole  #25, 
0.501302'70. 501853". 

NOTE:  Only  0.0005"  or  less  separates  the  measurements 

representative  of  the  full  length  Cl«745"/1.748") 
of  the  holes  in  the  detail  parts. 

Hole  #13,  0.501578'70. 501940"  exhibited 
an  oversize  range  of  0.000362"  and  was 
oversize  through  only  half  the  total 
length  of  the  part. 

b.  Holes  #4  and  #17  are  too  Insignificant 
to  discredit  the  quality  of  the  hole 
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size.  Cause  of  the  oversize  spur  is  chip 
scarring  since  it  occurs  at  the  entrance 
plane  and  at  very  shallow  depths  there¬ 
after  and  are  sporadic. 

B.  Ovality:  This  entire  set  of  holes  exhibits  very 

good  ovality  characteristics.  Considering 
the  length  of  the  bore;  an  internal  90 
intersection  which  creates  irregular 
drlll/reamer  breakout  and  re-entry;  and 
an  escape  path  for  coolant  via  the  inter¬ 
secting  hole,  ovality  is  excellent. 

Ovality  is  generally  expressed  via  the 
profile  analyses  at  O.OOOS"  or  less. 

C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole  with 
regard  to  the  hole  extremity  machined  end 
faces.  Perpendicularity  vas  verified  to 
be  zero  degrees  (0  )  when  measured  with 
the  lOX  magnification  Azimuth/Angle 
Gaging  Device. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  Indicated  by  profile 
analyses. 

E.  Barrelling:  Very  slight  evidence  of  barrelling  by 

profile  analyses  on  Holes  #3,  and  #18. 
On  Holes  #3  and  #4  the  characteristic 
is  predominantly  only  in  one  axis, 
therefore  they  are  not  truly  representa¬ 
tive  of  barrelling  perse:  Hole  #18  is 
the  nearest  to  true  barrelling  since  the 
evidence  is  in  all  four  (.4). axes. 

F.  Bellmouthlng:  Isolated  via  profile  analyses,  reference 

Holes  #19  and  #28. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This 

set  of  holes  exhibited  an  excellent 
interior  wall  texture.  There  were  no 
surface  blemishes  evident  when  Inspected 
by  Sight  Pipes  at  3X  magnification. 

There  were  no  chatter  marks  nor  vertical 
scoring  In  these  holes. 
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H.  Burrs:  This  condition  did  not  exist.  Debarring 

was  accomplished  per  normal  in-process 
work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  sur¬ 

face  finish  approximately  "32  A-A". 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  H-1 


RANKING  NUMBER  43  * 
HOLE  SIZE  0.1900"/0.1940” 


I .  OVERVIEW; 


A.  This  set  of  production  holes  features  drilling  of  a  structure, 
approximately  0.625“  thick.  This  Is  an  aluminum  stack-up  of 
three  (3)  laminates  (-005  machined  fitting,  web/doubler  and 
-006  machined  fitting).  The  subject  hole  Is  sited  by  Engineer¬ 
ing  at  0.1900'70.1940”  for  HlLok  fastener  Installation,  Type  II, 
per  STP  2006. 

II.  SUMMARY; 


A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for 
survey  Inspection.  The  method  of  production  utilized  a  pilot 
drilled  -005  machined  fitting  to  assure  basic  hole  location.  These 
holes  were  drilled  on  assembly  by  hand-held,  air  powered  drill 
motor  for  all  drilling  operations.  Reaming  was  not  planned  nor 
performed  to  obtain  the  final  hole  sizing.  Several  drilling 
operations  were  performed  to  arrive  at  the  final  hole  size. 

Drill  stalling  was  a  frequent  phenomenon  owing  to  Insufficient 
chip  clearance  between  the  accessory  drill  block  bushing  and  the 
entrance  surface  of  the  structure  being  drilled.  Inspection 
measurements  were  obtained  via  “thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose  arithmet¬ 
ical  average  Is  0.189329"  for  the  set  of  twenty-nine  holes,  m 
holes  of  this  set  are  below  the  low  limit  (0.1900")  established 
by  Engineering.  The  undersize  condition  of  the  entire  set  leads 
to  the  suspicion  that  a  3/16"  drill,  sized  at  0.1875,  was  used 
in  the  final  drilling  operation.  The  geometric  condition  of 
this  set  of  holes  Is  discussed  In  detail  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes; 

1,  Custom  designed  fixturing  ensures  Interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Hand-held,  air  powered  drill  method  and  accessories  produces 
good  basic  holes.  Accessory  tooling  was  a  drill  block,  secured 
by  deco  clamping  In  a  preceding  hole  to  stabilize  the  tooling 
against  "roll-over"  during  drilling.  Drill  block  Is  similar 

to  spacematlc  drill  locating. 

*  DRILL  METHOD  CODING:  H-1  *  Hand-held  drill.  No  reaming. 

Pilot  drilled  -005  machined  fitting,  hand-held,  air  powered 
drill.  No  reaming. 
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3.  Reaming  was  not  planned  nor  employed  to  obtain  the  final  hole 
alee. 

4.  Planning  la  very  good,  providing  adequate  work  Instructions  and 
definition  of  Inspection  requirements. 

III.  CHARACTERISTICS; 

A.  Hole  Slse:  This  set  exhibited  an  arithmetical  average  of  0.189329" 

for  the  series  of  twenty-nine  (29)  holes.  All  of  the 
holes  were  undersite  to  the  Engineering  criterion  of 
0.1900"  minimum. 

a.  A  3/16"  drill  slsed  at  0.1875"  Is  suspected  as  the 
drill  used  for  the  final  hole  since  all  of  the  holes 
disclose  a  0.1885  to  0.1904"  measurement  distribution. 

b.  Holes  #3, #4  and  #6  arc  examples  approaching  the 
largest  hole  sixes.  It  Is  apparent  via  tiie  Individual 
Hole  Profiles  that  thsse  holes  are  tapered  from  the 
start  plane  of  the  drilling  to  the  drill  exit  plane. 

Most  probable  cause  of  the  taper  (althougjh  only 
0.001"  In  sMgnltude)  Is  chip  loading  from  drill  stalls. 
The  operator  was  frequently  observed  backing  out  a 
stalled  drill  by  hand  to  clear  the  hole. 

c.  Holes  #8,  #13  snd  #27  and  #29  are  examples  of  side 
loading  Induced  by  operator  Instability  during  drilling. 

d.  Individual  Histograms  of  these  holes  disclose  that 
only  the  side  loading  effect  on  holes  such  as  #13  and 
#27  and  occasional  lead  In  or  break-out  taper  allowed 
any  of  these  holes  to  reach  the  low  limit  (0.1900") 
tolerance  of  the  Engineering. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hole 

#18  and  recorded  at  0.001103"  at  Level  #7.  Ovality  was 
Induced  by  Irregular  break-out  load.  The  condition  Is 
extremely  negligible  In  magnitude  and  only  barely 
echleved  the  low  limit  tolerance  level. 

Throu^out  the  set  ovality  Is  well  below  0.001"  In 
Mgnltude  and  Is  well  within  the  tolerance  allowable  for 
this  feature. 

C.  Perpendicularity:  Hole  under  slse  condition  would  not  permit  inspection 

via  the  Angle/Aslmuth  Gaging  Device,  therefore  verification 
of  perpendicularity  was  verified  by  sasple  fastener  install¬ 
ation  and  head  g^  Inspected .  The  holes  were  normal  to 
the  longitudinal  axis  of  ths  holes  and  accepti^le  to 
established  Engineering  Criterion. 
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D.  Straightness:  Straightness  Is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  None  evident  as  Indicated  by  profile  analyses. 

F.  Bellmouthlng:  Evident  In  very  silnute  and  subtle  anounts  as 

Indicated  by  Holes  #3»  #4  and  #6.  Various  other  holes 
of  this  set  exhibit  the  same  condition  at  either  their 
entrance  or  exit  planes  of  drilling. 

G.  Hole  Texture:  Rifling.  Scratches.  Chatter  narks.  This  set  of 

holes  exhibited  a  very  good  Interior  wall  texture. 

There  was  only  an  occasional  very  shallow  angle  rifling 
when  Inspected  by  Sight  Pipes  at  3X  magnification. 

There  were  no  chatter  narks  nor  vertical  scoring  In 
these  holes.  / 

H.  Burrs:  This  set  of  holes  was  drilled  through  a  laminated  stack 

and  was  deburred  satisfactorily  In  the  nonsal  process 
plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  ”100  AA”  or  better.  Optical  surface  coag>arator  was 
used  In  this  Inspection.  Surface  was  saxMth  and  shiny. 


DRILL  METHOD  MS 


RANKING  NUMBER  44  * 
HOLE  SIZE  0.4995'70.5005'' 


I.  OVERVIEW; 

A.  This  set  of  production  holes  feature  drilling  and  ream¬ 
ing  of  the  Elevator  Trim  Tab  Arm.  The  machlnecj  detail 
parts  are  2024T351  aluminum  bar,  0.250"  thick  and  sized 
by  Engineering  at  0.4995"/0.5005".  Measurements  on  the 
holes  were  accomplished  using  a  "thru-hole"  air  probe. 
Owing  to  the  relative  thinness  of  this  detail  part  only 
one  plane  of  measurements  was  taken. 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  In  this  set  of 
detail  parts  for  Inspection.  The  method  of  production 
was  vertlcaldrlll  press.  Drill  and  reaming  were  ac¬ 
complished  with  a  small  custom  fixture  designed  to 
hold  and  locate  the  part  for  drilling  and  reaming. 

B.  Owing  to  a  relatively  thin  part,  trend  data  by  multiple 
planes  down  through  the  thickness  of  the  part  could  not 
be  achieved.  Three  (3)  holes  of  this  set  revealed  over¬ 
size  conditions  ranging  from  0.000397"  at  Hole  #8,  to 
0.001302"  at  Hole  (/7  and  0.000828"  at  Hole  #4.  The 
characteristics  of  this  set  of  holes  Is  discussed  In 
Paragraph  III. 

C.  The  computer  Statistical  Printout  f©r  this  series  of 
holes  provides  composite  clues  traceable  to  the  follow¬ 
ing  for  the  production  of  these  holes; 

1.  Small  custom  flxturing  ensures  interchangeability  and 
location  reliability. 

*  DRILL  METHOD  CODING:  MS  ■  Miscellaneous  Systems, 

Track  mounted  drill. 


Vertical  drill  press  in  Cessna  machine  shop.  Reaming  with 
custom  fixture. 


C.  (Continued) 


2.  The  Executive  Summary  Histogram  reveals  the  data  dis¬ 
tribution  utilizing  the  full  tolerance  spread 
suggests  possible  drill/reamer  fixture  very  slight 
"use  wear". 

3.  The  "Executive  Summary  by  Data  Lot"  reveals  the 
average  of  all  measurements  to  be  0.500082", 
centered  about  the  tolerance  spread,  an  Ideal 
characteristic  for  hole  size. 

4.  Detail  planning  Is  excellent  for  the  definition  of 
the  operational  steps  required  to  produce  the  part. 

CHARACTERISTICS; 

A.  Hole  Size:  Three  holes,  #4,  #1  and  #8  were  over¬ 

size  slightly.  Insufficient  data  ele¬ 
ments  were  gathered  for  this  detail 
part  to  fully  be  able  to  pinpoint  the 
random  cause  for  three  oversized  holes. 
Additional  data  would  have  provided 
clues  for  trend  conditions  and  specific 
causes.  It  Is  suggested  that  the  over¬ 
size  condition  for  this  set,  (3  holes), 
was  fixture  position  for  the  start  of 
reaming.  Slight  offset  alignment  be¬ 
tween  the  vertical  centerline  of  the 
machine  and  the  part  fixture. 

B.  Ovality;  Hole  #19  recorded  the  most  ovality  at 

0.002112".  Suggested  cause  Is  the  same 
as  In  "A"  above.  Ovality  predominately 
Is  in  tenths  of  a  thousandth  for  this 
set  of  holes  and  Is  well  within  the 
normal  range  for  the  tolerance  establish¬ 
ed  for  these  holes. 

C.  Perpendicularity;  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole  with 
regard  to  the  machined  face  (Interface 
surface) .  Perpendicularity  was  verified 
to  be  zero  degrees  (0°)  when  measured 
with  the  lOX  magnification  Azimuth/ Angle 
Gaging  Device. 


III.  (Continued) 


D.  Straightness:  Insufficient  data  elements  to  establish 

a  profile. 

E.  Barrelling:  Insufficient  data  elements  to  establish 

a  profile. 

F.  Bellmouthlng:  None  perceptible  for  engagement  of  the 

air-probe  into  the  hole.  Insufficient 
data  points  to  establish  a  profile  for 
analysis. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture  when  inspected  by 
Sight  Pipes  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

H.  Burrs:  Deburr ing  was  satisfactorily  accomplished 

per  direction  of  the  detail  planning 
for  part  fabrication. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  sur¬ 

face  finish  of  "63  AA"  or  better.  Op¬ 
tical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny. 


DRILL  METHOD  Q-3 
RANKING  NUMBER  A5  * 


HOLE  SIZE  0.3125'70.3135" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  features  drilling  and  reaming  of  the  Carry 
Thru  Spar  Assembly. 

The  structure  is  an  aluminum  to  steel  laminated  stack-up  approximately 
0.550"  thick  at  the  area  for  the  hole  survey  inspection.  The  subject 
hole  is  sized  by  Engineering  at  0.3120"/0.3135". 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for  inspection. 

The  method  of  production  utilized  custom  flxturing  to  assure  hole 
location.  Holes  were  drilled  by  Quackenbush  air-powered  drill  and 
final  sized  on  the  holes  using  the  Quackenbush  and  0.3125"  core  drill. 

No  reaming  used  for  final  hole  sizing.  Inspection  measureronts  were 
obtained  by  "thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose  Arithmetical 
Average  is  0.312705"  for  the  set  of  twenty-nine  (29)  holes.  Paragraph 

III.  provides  details  specific  to  hole  quality. 

C.  The  computer  data  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of  excellent 
holes. 

1.  Custom  designed  fixture  ensures  interchangeability  and  location 
reliability. 

2.  Quackenbush  drill  method  and  accessories  producing  good  preliminary 
holes  at  0.250"  then  raised  to  19/64". 

3.  Quackenbush  air  powered  drill  method  utilizing  a  0.3125",  3  fluted 
Cleveland  Forge  Core  Drill  produces  good  final  sizing  of  this  lot 
of  holes. 

4.  Planning  is  adequate  to  ensure  model  and  serial  number  traceability 
for  assembly  but  is  too  abbreviated  to  provide  other  than  "Go"/ 

"No-Go"  gaging  acceptance  on  holes. 

*  DRILL  METHOD  CODING:  Q-3  •  Quackenbush  -  One  Shot 
Quackenbush  air  driven.  No  reaming. 


3^3 


This  series  of  holes  were  of  excellent  quality 
on  hole  size  despite  the  condition  of  material 
stack-up  being  aluminum  and  steel.  The  Arith¬ 
metical  Average  0.312705"  is  ideal,  since 
0.312750"  is  the  Engineering  midpoint  range  of 
the  tolerance  criterion. 

Six  (6)  holes,  namely  Holes  #7,  #9,  //15,  #16, 

#19  and  #25  reveal  oversize  measurements  on  their 
Individual  Computer  Statistical  Printouts.  These 
oversize  recordings  have  been  discounted  via  date 
analysis  owing  to  the  fact  that  Level  #4  on  the 
data  is  representative  of  the  aluminum  to  steel 
Interface.  Material  gap  on  clamp-up  for  hole 
measurement  results  in  the  air  probe  "sensing" 
this  area  as  an  oversize  condition  in  the  hole.  It 
is  not.  It  was  predicted  and  noted  during  the 
course  of  hole  measurements.  These  predictions 
were  disclosed  to  the  area  crew  chief  and  demon¬ 
strated;  therefore,  the  subject  holes  are  Judged 
satisfactory. 

Hole  #20  disclosed  one  measurement  at  0.316629" 
(Reference  Executive  Summary  by  Data  Lot  and 
Individual  Computer  Printout  for  Hole  #20  at  135 
degrees  alignment,  third  level).  This  phenomenon 
is  suggestive  of  a  steel  chip  gouge  into  the  alumi- 
numb  wall  of  the  hole  during  its  exit  path  along 
the  drill  flute.  One  (1)  "scar"  within  the  hole 
is  not  restrictive  enough  to  discredit  the  dimen¬ 
sional  integrity  of  Hole  #20. 

Hole  #29  yields  a  complete  series  of  oversize 
dimensions  at  its  first  plane  of  measurements. 

The  condition  actually  was  a  slightly  excessive 
deburrlng  chamfer  on  the  start  (entrance  plane) 
of  the  drilled  hole.  The  characteristic  dis¬ 
appeared  completely  at  the  next  measurement  plane. 

Hole  #24  reveals  two  (2)  planes  of  oversize  dimen¬ 
sions.  This  is  the  only  truly  oversized  hole 
of  this  set.  Data  analysis  reveald  this  hole 
to  be  "tapered,"  beginning  at  Level  #1  and 
progressively  growing  larger  with  depth. 


B.  Ovality; 


C.  Perpendicularity: 

D.  Straightness; 

E.  Barrelling; 

F.  Bellmouthing: 

G.  Hole  Texture; 

H.  Burrs: 

I.  Surface  Finish; 


Reference  to  the  Individual  Computer  Printout 
for  Hole  #20  at  the  0°,  45°,  90°  and  135°  align¬ 
ment  measurement  readings  and  Hole  Profile  dis¬ 
closures  confirm  the  '‘taper"  analysis  conclusion. 


The  greatest  ovality  occurred  at  one  of  the  oversize 
holes;  namely.  Hole  #20  and  was  the  result  of  the 
steel  chip  gouge  influence  at  0.004029"  at  the 
45®-1350  axes  planes. 

Holes  #9,  #16  and  #29  recorded  an  ovality  measure¬ 
ment  in  excess  of  0.001"  but  have  been  discounted 
as  cause  for  concern  via  narrative  presented  in 
paragraph  III .A.  b;  c;  and  d. 

Ovality  generally  is  good  with  the  distribution 
ranging  below  0.0005". 

All  holes  within  this  set  were  normal  to  the  longi¬ 
tudinal  axis  of  the  hole  with  regard  to  the  struc¬ 
ture  station  plane  face.  Perpendicularity  was 
verified  to  be  zero  degrees  (0°)  when  measured  with 
the  lOX  magnification  Azimuth/Angle  Gaging  Device. 

Straightness  is  within  Engineering  design  tolerance 
as  indicated  by  the  profile  analyses. 

None  evident  as  Indicated  by  the  profile  analysis. 

General  tendency  toward  "bellmouthing"  and  6r  "taper 
as  evidenced  by  individual  profile  analyses  but 
within  the  allowable  Engineering  tolerance  criterion 

Rifling,  Scratches,  Chatter  marks.  This  set  of 
holes  exhibited  a  very  good  interior  wall  texture. 
There  was  only  an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Sight  Pipes  at  3X  magni¬ 
fication.  There  were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

This  set  of  holes,  drilled  and  reamed  through  a 
stacked  arrangement  of  fuselage  station  frames, 
doubler  and  fitting  were  satisfactorily  debarred 
in  the  normal  process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a  surface  finish 
of  "100  AA"  or  better.  Optical  Surface  Comparator 
was  used  in  this  Inspection.  Surface  was  smooth 
and  shiny. 


DRILL  METHOD  Q-2 


RANKING  NUMBER  46  * 
HOLE  SIZE:  0.5005"/0.5025" 


I.  OVERVIEW: 

A.  This  set  of  survey  holes  features  Quackenbush  drilling,  c6ld-work  split 
sleeve/mandrel  expansion  and  Quackenbush  final  reaming  in  a  Center 
Wing  Lower  Surface  Pylon  mounting  holes.  The  structure  being  surveyed 
is  an  all  aluminum  stack  consisting  of  the  lower  wing  skin,  center 
spar  cap  and  very  heavy  fitting.  The  approximate  thickness  is  1.4" 
through  the  stack.  The  fitting  mounting  on  the  outer  surface  of 
the  skin  is  not  included  in  the  stack  nor  measurement  Inspection. 
Perpendicularity  is  maintained  via  heavy  tooling  coordinated  to  the 
machining  of  the  fittings  on  the  back  of  the  stack  and  the  outer  pylon 
fitting. 

The  subject  hole  is  sized  by  Engineering  at  0.474"/0.477"  as  the  start¬ 
ing  hole  for  cold-working  per  specification  and  the  final  ream  size  at 
0.5005"/0.5025". 


*  DRILL  METHOD  CODING:  Q-1  “  Quackenbush,  Hand-held  Air  Power  Reamer 

Quackenbush  drill,  cold-work  spllt-sleeve/mandrel  expansion 
and  Quackenbush  final  reaming. 
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View  looking  up  at  the  Center  Viflng  Lower  Surface 


Center  Wing  R.H.  Side 
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Center  Spar 
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Center  Wing  L.H.  Side 


■Center  Spar 


Center  Wing  L.H,  Side 
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The  assembly  of  the  center  wing  structure  was  controlled  by  a  very  good 
individually  serialized  manufacturing  Log  Plan.  Instructions  were  cle 
and  concise  for  work  tasks  and  inspection;  including,  mandatory  AFQA  in¬ 
spection  points. 

Heavy  custom  tooling  coordinated  to  the  main  landing  gear  trunion  fjtting 
hol7pattem  and  the  fixture  provides  a  stable,  accurate  and  reliable  mea^ 
to  mount  the  Quackenbush  power  unit  and  ensure  proper  location/interchange¬ 
ability  of  the  pylon  mounting  holes.  A  siphon  fed  air-mist  coolant  system 
is  employed  during  the  drllllng/reamlng  operations. 

II.  SUMMARY; 

A  Reference 'fexecutlve  Histogram  by  Data  Lot."  The  data  population  for  this  set 
is  fairly  evenly  distributed  over  the  entire  0.002000  range  of  the  Engineer¬ 
ing  tolerance.  This  characteristic  results  from  the  multiple  set-ups  to 
acquire  the  set  and  the  slight  bellmouth  feature  and  chip  load  topers  that 
are  present  in  the  set.  Variations  are  extremely  small  and  the  overall 
quality  of  this  set  Is  geometrically  very  good. 

Nineteen  (19)  holes  were  available  in  this  structure  for  survey  inspec¬ 
tion.  All  of  the  holes  of  this  set  meet  the  established  Engineering  cri¬ 
terion.  Reference  Executive  Summary- by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.501438  for  ^e 
series  of  nineteen  (19)  holes.  This  value  is  very  good  since  it  resides 
at  the  mid  vicinity  of  the  tolerance  range.  The  affect  of  deep  reaming 
with  traces  of  chip  build  up  and  minor  barrelling  is  apparent  in  some 

holes  of  this  set. 

quality. 

B.  The  Computer  Statistical  Printout  for  this  series  of  holes  provide  composite 
clues  traceable  to  the  following; 

1  Quackenbush  preliminary  holes  are  being  satisfactorily  produced  to 

’  specification  tolerance  as  starting  holes  for  subsequent  cold-working. 

2  Quackenbush  air  powered  drill  motor  driving  a  piloted  tip  re^er  pro- 
ZlTZry  good  final  holes  per  0.5005". 0.5025"  tolerance  criterion. 
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3.  The  affect  of  good  tooling  Is  evident  In  the  shape  and  qtiallty  of 
these  holes. 

4.  Periodic  Inspections  prior  to  the  final  hole  Inspection  as  directed 
by  the  Log  Planning  Is  a  significant  factor  In  determining  specifica¬ 
tion  compliance  and  final  hole  quality. 

III.  CHARACTERISTICS; 


A.  Hole  Size:  1416  data  measurements  were  accrued  from  the  nineteen  (19) 
holes  comprising  this  set.  Reference  Executive  Summary  by 
Data  Lot  discloses  an  arithmetical  average  of  0.501438"  which 
Is  very  good  for  the  set  and  Is  reflected  In  the  quality  of  these 
very  deep  holes  whose  tolerance  spread  Is  only  0.0020"  total. 

Slight  chip  load  build  up  In  the  process  of  reaming  exception¬ 
ally  deep  holes  results  In  some  tapering  (bellmouthlng)  and 
bulging  (barrelling)  which  are  the  only  geometrical  features 
departing  from  Ideal  cyllndrlclty  In  the  holes. 

All  of  the  specimens  conform  to  the  tolerance  criterion  establish¬ 
ed  by  Engineering. 

1.  Reference  Individual  Hole  Computer  Printouts  for  holes 
Identified  Hole  #1,  2  and  #3. 

In  this  set  of  holes,  the 

profile  established  by  elgnty-elgnt  (88)  and/or  seventy- 
six  (76)  measurements  per  hole  via  0°,  45°,  90°  and  135 
axes  discloses  a  double  taper  and/or  bellmouth  character¬ 
istic.  The  narrowest  point  of  this  feature  exists  at  the 
Interface  vicinity  of  the  faying  surfaces  of  the  spar  cap 
to  heavy  fitting,  at  the  ninth  (9th)  plane  of  meastirements 
along  each  axis  profile  presentation. 

Center-seeking  at  the  start  of  reaming  is  assessed  the  most 
probable  cause  for  the  extremely  slight  bellmouth  at  the 
top  of  the  hole  and  the  uniformity  with  which  It  diminishes 
as  depth  In  hole  Is  achieved. 

The  gradual  increase  (barrelling)  after  passing  through 
the  spar  cap  to  fitting  interface  is  suggestive  of  minor 
chip  load  build  up  most  probably  the  result  of  the  great 
hole  depth.  In  either  case,  the  magnitude  and  progression  Is 
small,  relatively  uniform  and  does  not  exceed  the  Engineer¬ 
ing  tolerance  allowable. 
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2.  Reference  Individual  Hole  Computer  Printouts  for  holes 

identified  Hole  #12,  13,  14  and  #15.  In  this  set  of  holes 
(S/N  215  Center  Wing  R.H.  Side)  the  profile  established 
by  ninety-two  (92)  and/or  seventy-two  (72)  measurements 
per  hole  discloses  slightly  different  profiles  from  those 
of  Item  III.A.l. 

In  the  above  holes  of  this  set,  the  bellmouth  feature  is 
missing,  but  the  gradual  chip  load  build  up  and  subsequent 
minute  hole  profile  enlargement  Is  present. 

The  range  of  measurements  creating  the  profile  Is  very 


slight  as 

follows: 

Hole  # 

Range 

Hole  # 

Range 

12 

0.000693" 

14 

0.000966" 

13 

0.001129" 

15 

0.000417" 

Cause  for  the  minor  profile  variation  has  been  discussed 
at  item  III.A.l.  The  above  holes  are  assessed  good  sped 
mens  and  meet  all  Engineering  criterion. 

3.  Reference  Individual  Hole  Computer  Printouts  for  holes 
Identified  Hole  #4,  5,  6  and  #7.  In  this  series  of  holes 
(S/N  214  Center  Wing  L.H.  Side)  the  bellmouth  feature  is 
predominant  in  Hole  #4  and  #7  and  the  chip  load  enlarge¬ 
ment  at  Holes  #5  and  #6.  The  range  variation  is  very 


slight  as 

follows: 

Hole  # 

Range 

Hole  # 

Range 

4 

0.001164" 

6 

0.000662 

5 

0.001031" 

7 

0.000629 

All  measurements  and  features  of  these  holes  meet  the 
Engineering  criterion. 

4.  Reference  Individual  Hole  Computer  Printouts  for  holes 
Identified  Hole  #8,  9,  10  and  #11.  This  series  of  holes 
(S/N  214  Center  Wing  R.H.  Side)  are  the  best  specimens 
of  this  set.  Their  range  of  measurements  are  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

8 

0.000343" 

10 

0.000500 

9 

0.000655" 

11 

0.000491 

The  bellmouth  and/or  taper  and  chip  load  enlargement  is 
extremely  minute  and  are  not  considered  a  detriment  to  the 
overall  quality  of  these  holes. 
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5.  Holes  //16,  17,  18  and  #19  (S/N  213  Center  Wing  L.H. 
Side)  are  generally  a  repeat  of  the  features  and  re¬ 
lated  causes  expressed  in  the  narrative  and  rationale 
per  item  III.A.l. 


B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hole  #16 

and  discloses  a  value  of  0.000828"  on  the  45°  -  135°  axes  at 
plane  #23.  Ovality  is  slight  and  does  not  exceed  the  Engineer¬ 
ing  tolerance  criterion  and  Is  the  product  of  the  Irregular 
reamer  breakout  spike  in  this  hole. 

Ovality  was  not  a  cause  for  concern  on  this  set.  Reference 
to  the  Individual  Hole  Computer  Printouts.  All  holes  are 
extremely  good  on  ovality  measurements,  (predominantly  less 
than  0.0005  ') .  None  of  the  holes  of  this  set  exceeded  the 
Engineering  criterion. 

C.  Perpendicularity:  Reference  Section  I.B.  of  this  report.  Heavy  custom 

tooling  compensates  for  the  angularity  variation  from 
the  skin  contour  to  the  pylon  fitting  and  the  inside 
support  fitting.  These  holes  are  normal  to  the  pylon 
and  support  fitting  bearing  surfaces  of  the  pylon  studs. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance  as  in¬ 

dicated  by  profile  analyses. 

E.  Barrelling:  Several  holes  of  this  set  exhibit  a  shallow  barrelling  feature. 

Refer  to  narrative  at  paragraph  III.A.l  thru  III. A. 5  for  de- 


F.  Bellmouthlng.  Several  holes  of  this  set  exhibit  a  very  slight  bellmouth 

feature  at  the  start  vicinity  of  reaming.  Refer  to  narrative 
at  paragraph  III.A.l  thru  III.A.5  for  details. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  series  of  speci¬ 

mens  exhibited  a  very  good  interior  wall  texture. 

I^e  holes  were  Inspected  via  Sight  Pipe  at  JX  magnification. 
There  were  no  rifling,  chatter  marks  nor  vertical  scoring  in 
this  set  of  holes. 


H.  Burrs: 


Deburring  was  satisfactorily  accomplished  per  the  notmal 
plan  work  Instructions. 


process 


I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish  of  100 

AA  or  better.  Optical  Surface  comparator  was  used  in  in¬ 
spection  and  the  sidewalls  were  smooth  and  shiny. 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  47  * 
HOLE  SIZE:  0.250"/0.253" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  features  drilling  and  reaming  of 
the  Longeron  Installation,  Fuselage  Mid-Section. 

The  structure  is  a  multi-layered  stack  approximately  1.00  thick 
in  the  areas  to  be  surveyed.  The  subject  hole  is  sized  by 
Engineering  at  0.250'70.253"  for  installation  of  XL4(GB511D) 
HlLok  Bolts. 


Holes  1  through  25 

Drill  0.2344"  diameter,  //P118891-1 

Reamer:  0.2502"  diameter,  #P118892-1 

Motor:  QDP-15APB,  3/8"  Jacobs  Chuck 

Coolant:  HE-2  @10:1  Water  Mix  Spray  mist 

Holes  26  through  29 

Drill:  0.2344"  diameter,  //P-195240  coredrill 

Reamer:  0.2500"  diameter,  //P-118894-1 

Motor;  QDP-15APB,  3/8"  Jacobs  Chuck 

Coolant:  HE-2  @10:1  Water  Mix  Spray  Mix 


Note:  Inspection  utilizes  plug  "Go"  and  blade  "No-Go" 

gaging  method. 


I  *  DRILL  METHOD  CODING;  Q-2  =  Quackenbush,  Air  power  reamer,  mechanical 

I  Quackenbush,  air  powered  drill  &  accessory  tooling. 

i 

! 

I 
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II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey 
Inspection.  The  method  of  production  utilized  heavy  drill  plates, 
pinned  and  clamped  to  the  assembly  fixture  to  facilitate  locking 
on  the  Quackenbush,  air  driven  drill  power  head.  Hand  brush-on 
and  Squeeze  Bottle  HE-2  coolant  was  used  as  drill/reamer  lubricant. 
Holes  were  drilled  by  Quackenbush  to  a  preliminary  size  of  0.23A4" 
and  followed  by  Quackenbush,  air  driven  drill  motor  and  0.2500"/ 
0.2502"  piloted  tip  reamer  to  achieve  the  final  hole.  Inspection 
measurements  were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.250523" 
for  the  set  of  twenty-nine  (29)  holes.  This  value  is  an  ideal 
feature  since  it  resides  at  the  low-point  vicinity  of  the 
Engineering  tolerance  range.  All  of  the  holes  of  this  set  meet 
the  criterion  established  by  Engineering.  Specific  discussion 
on  the  geometric  characteristics  of  the  holes  are  discussed  at 
paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the 
production  of  excellent  holes: 

1.  Custom  designed  fixturlng  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling  produces 
preliminary  holes  at  assembly  to  0.2344"  size. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted  reamer 
achieves  final  hole  size  per  Engineering  using  a  0.2502" 
reamer  for  Holes  #1  through  #25  and  a  0.2500"  reamer  for 
Holes  #26  through  #29. 

4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements.  Plug  and  blade 
gages  are  employed  for  "Go'7"No-Go"  inspection. 

III.  CHARACTERISTICS : 

A.  Hole  Size:  1160  data  entries  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average 
for  the  set  is  0.250523",  well  below  the  0.2530" 
high  limit  per  established  Engineering  Criterion. 

This  is  an  exceptional  series  of  holes  on  size  and 
other  geometric  characteristics  disclosed  via 
computer  printout  and  profiles. 

Reference  Computer  Individual  Hole  Printout  discloses 
an  excellent  range  distribution  of  hole  measurements 
considering  material  thicknesses  within  the  stack 
resulting  in  a  (1.00")  depth  for  the  drilled/reamed 
holes. 
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1.  The  spread  of  measurements  taken  at  forty  (40) 
locations  within  each  hole  are  as  follows: 


Hole  # 

Ranse 

Hole  # 

Ranee 

1 

0.000431" 

16 

0.000629" 

2 

0.000379" 

17 

0.000259" 

3 

0.000784" 

18 

0.000284" 

4 

0.000517" 

19 

0.000457" 

5 

0.000293" 

20 

0.000267" 

6 

0.000181" 

21 

0.000181" 

7 

0.000414" 

22 

0.000172" 

8 

0.000595" 

23 

0.000293" 

9 

0.000388" 

24 

0.000345" 

10 

0.000267" 

25 

0.000267" 

11 

0.000276" 

26 

0.000328" 

12 

0.000734" 

27 

0.000164" 

13 

0.000466" 

28 

0.000638" 

14 

0.001336" 

29 

0.000250" 

15 

0.000284" 

Note: 

Only  one  (1) 

hole,  identified 

Hole  #14 

exhibited  a  range  of  measurements  that 
exceeded  0.001"  over  the  forty  (40) 
measurements  per  hole. 

This  set  is  an  extraordinarily  good  series  of  holes. 
Thirteen  (13)  specimens,  identified  Hole  #5,  #6, 
#10,  #11,  #15,  #17,  #18,  #20,  #21,  #22,  #23,  #25 
and  #27  exhibit  a  difference  of  less  than  0.0003" 
total  in  their  forty  (40)  measurements  per  indivi¬ 
dual  hole.  Increasing  the  value  to  less  than 
0,0005"  incorporates  additional  holes  identified 
Hole  #1,#3,#7,#9,#13,#19,#24,#26  and  #29  and 
arrives  at  76%  of  the  set  featuring  a  variation 
below  0.0005".  Considering  the  hole  depth  in 
excess  of  1.00",  the  measurement  results  are 
excellent.  The  attributes  of  stiff  tooling, 
vertical  positioning  of  the  powerhead  with  tight 
lock-up  and  sharp  drill/reamer  cutting  tools  are 
apparent  in  the  quality  of  the  finished  holes. 
Operator  skill,  attitude  and  pride  were  demons¬ 
trated  to  be  optimum  levels  by  personnel  manning 
this  work  station. 

3.  Hole  #14  exhibits  the  greatest  range  in  measure¬ 
ment  spread  at  0.001336".  This  hole  is  a  specimen 
from  the  group  in  the  all  aluminum  material  stack- 
up.  Chip  build-up  inside  the  hole  resulting  from 
coolant  starvation  Induced  heat  build-up  and  hole 
enlargement.  Stalls  of  the  drill/reaming  drive 
units  were  observed  on  several  holes  of  the  right 
hand  assembly.  Chip  clogging  was  extremely  heavy 
and  had  to  be  manually  cleared.  Spot  checks 
revealed  the  holes  to  be  larger  than  others  in 
the  pattern  where  drilling  was  not  Impaired  by 
stalls.  Hole  #14,  the  largest  hole, 
did  not  exceed  the  Engineering  tolerance  criterion. 
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4.  Reference  Individual  Computer  Profile  Printout. 
Holes  #3, #8  and  #16  reveal  profiles  of  similar 
characteristics  to  Hole  #14.  The  range  variation 
for  these  holes  at  0.000784",  0.000595"  and 
0.000629"  suggest  the  cause  for  hole  shape  to 

be  the  same  as  Hole  #14. 

5.  Individual  Hole  Histograms  disclose  a  Norr  il 
Causlan  Distribution  on  measurement  population, 
providing  conclusive  evidence  of  process,  tooling 
and  personnel  performing  in  perfect  harmcny. 

B.  Ovality;  Maximum  recorded  ovality  within  the  set  occurred  at 

Hole  #12  and  recorded  at  0.000388"  at  Level  #9  on 
the  0°-90°  axes.  This  value  is  negligible  and 
does  not  cause  quality  degradation  of  the  hole. 

Ovality  was  not  a  cause  for  concern  on  this  lot. 
Reference  to  Individual  Hole  Computer  Printout 
dlscloser  all  holes  to  be  extremely  good  on  the 
ovality  measurements.  None  of  the  holes  of  this  set 
exceeded  the  Engineering  Criterion. 

C.  Perpendicularity:  Heavy  fixturlng  assures  perpendicularity  of 

the  holes  with  regard  to  the  structure.  This  series 
of  holes  were  checked  by  gaging  with  a  lOX  magni¬ 
fication  Azimuth /Angle  Gaging  Device.  The  holes  were 
verified  to  be  normal  (90”)  to  the  longitudinal  axis 
of  the  holes  with  regard  to  the  drilled/reamed 
longeron  structure. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  None  existent  as  evidenced  by  profile  analyses. 

F.  Bellmouthing:  None  existent  as  evidenced  by  profile  analyses. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of 

holes  exhibited  a  very  good  interior  wall  texture. 
There  were  only  slight  perceptible  rifling  traces 
on  the  hole  sidewalls  when  inspected  by  Sight  Pipes 
at  3X  magnification.  There  were  no  chatter  marks 
nor  vertical  scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  through  a  laminated 

stack  and  was  deburred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  approximately  "100  AA".  Optical  surface  comparator 
was  used  in  this  inspection.  Surface  was  smooth  and 
sh Iny . 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  48  * 
HOLE  SIZE:  0.312’70.315" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  features  Quackenbush  drilling  and 
reaming  of  the  Vertical  Stabilizer  Box  Assembly. 

The  structure  Is  a  graphite  epoxy  skin,  liquid  shim,  and  aluminum 
closing  rib.  All  holes  are  sized  by  Engineering  at  0.312"/0.315" 
for  Installation  of  ACNIO  (MS21141)  Blind  Protruding  Head  High 
Strength  Fasteners. 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for  survey 
Inspection.  The  method  of  production  was  Quackenbush,  air  powered 
drilling  and  follow-up  Quackenbush  reaming  of  the  holes  to  final 
size.  Inspection  measurements  were  obtained  via  "thru-hole"  air 
probe. 

B.  Reference  Executive  Summary  by  Data  Lot. 

This  set  discloses  a  measurement  distribution  whose  arithmetical 
average  Is  0.314776".  This  Is  an  exceptloually  high  value  brought 
about  most  probably  by  fibrous  material  choking  the  chip  flutes 
and  resulted  In  two-thirds  of  the  holes  of  this  set  exceeding  the 
high  limit  of  the  Engineering  tolerance.  Specific  discussion  on 
the  geometric  characteristics  of  all  holes  are  discussed  at  para¬ 
graph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  flxturlng  ensures  interchengeablllty  and 
location  reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling  for 
production  of  preliminary  holes  at  assembly. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted  reamer 
achieves  hole  size  per  Engineering. 

4.  Planning  Is  very  good,  providing  adequate  work  Instructions 
and  definition  of  Inspection  requirements.  Plug  "Go"/"No-Go" 
gaging  Is  employed  In  hole  Inspection. 

*  DRILL  METHOD  CODING:  Q-2  ■■  Quackenbush  -  Air  Power  reamer,  mechanical 
Quackenbush,  air  powered  drill  and  accessory  tooling. 
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5.  Visual  aids  (Illustrated  assembly  breakdovm  by  Bulkhead  Fuselage 
Station)  is  an  Invaluable  asset  providing  a  visual  reference  of 
the  overall  assembly  concept  to  line  personnel. 

III.  CHARACTERISTICS : 


A.  Hole  Size:  580  data  entries  were  accrued  for  the  series  of 

twenty-nine  (29)  holes .  The  arithmetical  average  for 
the  set  is  0.314776".  This  average  is  exceptionally 
high  and  is  brought  about  by  the  fact  that  roost  of  the 
holes  in  this  set  are  tapered  and  approach  and/or  exceed 
the  high  limit  tolerance  of  0.315"  established  by 
Engineering. 

1.  The  basic  size  of  this  set  of  holes  is  extraordin¬ 
arily  large  as  compared  to  other  sets  in  an  all 
aluminum  structure.  The  graphite  epoxy,  drilled 
dry,  is  strongly  suspect  of  flute  clogging  and 
causing  excessive  chip  build-up  enlargement  of 
the  holes. 

Refer  to  Individual  Hole  Computer  Printouts, 

Twenty  (20)  holes  of  the  sample  size  of  twenty- 
nine  (29)  holes  reveal  an  arithmetical  average 
in  excess  of  the  0.315"  high  limit  established  by 
Engineering.  Refer  to  the  Axes  (0°-45°-90°-135°) 
series  of  measurements  for  hole  growth  and  profile 
of  their  enlargement  tapers.  The  Individual  Hole 
Arithmetical  Averages  for  these  holes  are  as 
follows: 


Hole 

#  Averaae 

Hole  # 

Averase 

1 

0.315234" 

16 

0.315412" 

2 

0.315093" 

17 

0.315354" 

3 

0.314595" 

18 

0.315035" 

4 

0.315077" 

19 

0.314941" 

5 

0.314868" 

20 

0.314775" 

6 

0.314314" 

21 

0.314144" 

7 

0.314784" 

22 

0.315122" 

8 

0.314735" 

23 

0.314422" 

9 

0.315137" 

24 

0.315113" 

10 

0.315249" 

25 

0.314059" 

11 

0.314746" 

26 

0.313871" 

12 

0.315090" 

27 

0.314432" 

13 

0.315303" 

28 

0.313848" 

14 

0.314593" 

29 

0.313917" 

15 

0.315251" 

Note:  It  is 

important  to  note 

that  the  shape  of  the  holes 

on  this  set  is  more  significant  than  size.  Ordinary 
"Go"/"No-Go"  Gaging  would  not  in  most  cases  reveal 
the  taper  existing  in  the  holes  since  the  feature 
is  predominantly  on  the  bottom  of  the  holes. 
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2.  Reference  Individual  Hole  Histograms  and  Executive 
Summary  Lot  Histogram. 

Both  Histograms  disclose  data  population  near  and 
exceeding  the  tolerance  high  limit.  The  data  and 
profiles  of  these  holes  suggest  an  evaluation 
study  to  Improve  the  basic  shape  of  holes  in  the 
graphite  epoxy  structure  if  all  tolerances  noted 
by  engineering  are  required. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at 

Hole  #3  and  recorded  at  0.002620"  at  Level  #3  on  the 
45°-135°  axes.  Ovality  was  caused  by  a  bubble  in  the 
cured  liquid  shim.  A  glazed  shrunken  area  was  noted 
inside  the  hole  via  3X  magnification  Sight  Pipe  inspec¬ 
tion.  The  glaze  was  a  portion  of  a  bubble  in  the  liquid 
shim  material  which  was  not  perceptible  to  the  naked  eye. 

Ovality  generally  was  not  a  concern  for  this  set.  All  of 
the  ovality  measurements  were  within  the  tolerance 
criterion  established  by  Engineering. 

C.  Perpendicularity:  Holes  for  this  set  were  checked  by  gaging  with  lOX 

Azlmuth/Angle  Gaging  Device  and  verified  to  be  normal 
(90°)  to  the  longitudinal  axis  of  the  holes  and  skin 
mold  line. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  per  profile  analyses. 

F.  Be llraou thing:  This  is  the  most  predominant  geometric  feature 

apparent  on  this  set  of  holes.  The  characteristic 
has  been  addressed  per  narrative  at  item  III. A  and 
III.A.l. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of  holes 

exhibited  very  good  interior  sidewall  texture.  There 
was  occasional  shallow  angle  shredding  in  the  graphite 
epoxy  perceptible  on  several  holes  when  inspected  by 
Sight  Pipes  at  3X  magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed  at  assembly,  were 

satisfactorily  deburred  in  the  normal  process  plan  work 
instructions. 

I.  Surface  Finish;  All  holes  of  this  set  exhibited  a  surface  finish  of 

approximately  "100  AA".  Optical  Surface  Comparator  was 
used  in  this  inspection.  Surface  was  smooth  and  shiny 
except  for  occasional  shredding  in  the  graphite  epoxy 
and  a  few  very  slight  bubbles  in  the  liquid  shim  material. 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  49* 
HOLE  SIZE  0,3745"/0.3755" 


I.  OVERVIEW; 


A.  This  set  of  production  holes  features  drilling  and  reaming  of 
the  Car^o  Door  Latches.  The  structure  Is  titanium  approximately 
.300  thick  at  the  surface  to  be  drilled  and  reamed.  The  hole 
being  Inspected  Is  sized  at  0. 3745"/0. 3755"  by  Engineering. 

Hole  survey  measurenents  were  obtained  using  a  "thru-hole"  air 
probe  coupled  to  an  Automated  Computer  System  for  data  storage 
and  recovery.  Only  two  (2)  measurement  planes  (8  measurements 
per  hole)  were  obtained  owing  t--  geometric  restrictions  on  the 
parts  being  checked. 

II.  SUMMARY: 


A.  Only  fourteen  (14)  holes  were  Inspected  In  this  set  owing  to 
hardware  availability  and  the  fact  that  the  material  was 
titanium  and  Project  1000  Is  primarily  concerned  with  aluminum 
^ii^craft  structure.  This  hardware  was  available  on  the  pro¬ 
duction  line  on  a  non-interference  basis;  therefore,  Inspection 
was  performed  by  thru-hole  alrprobe"  to  broaden  our  base  of 
knowledge  on  production  drllllng/reamlng. 

B.  Tooling  appears  to  impart  a  cause  for  concern  on  this  set  of 
holes.  The  method  of  production  employed  Quackenbush  drilling/ 
reaming  with  the  drill  head  in  horizontal  position.  Only  three 
(3)  holes  in  the  series  met  the  tolerance  criterion  established 
by  Engineering.  The  eleven  (11)  remaining  exceeded  the  toler¬ 
ance  high  limit  by  varying  degrees  as  reported  in  paragraph 

III. A.  Other  characteristics  related  to  the  hole  configurations 
are  also  hereinafter  discussed. 

C.  The  computer  data  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  following 
for  the  production  of  these  holes: 

1.  Custom  fixture  design  for  Interface  control/interchange- 
ablllty  reliability  and  Quackenbush  drill  adaptation. 

2.  Quackenbush  drlll/reamlng  method  and  accessories  used  for 
hole  production. 

3.  Planning  Is  excellent  for  inspection  traceability  on  holes. 

4.  Special  tooling  required  for  production  of  these  holes  are 
specified  and  use  directed  per  planning. 

*  DRILL  METHOD  CODING;  Q-2  -  Quackenbush,  Air  power  reamer,  mechanical 

Quackenbush  drill/reaming  w/drill  head  In  horizontal  position. 
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5.  Morale  among  production  personnel  is  high,  but  evidently 
unaware  of  the  tooling  impact  on  hole  quality. 


III.  CHARACTERISTICS; 

A.  Hole  Size:  a.  Reference  "Executive  Summary  by  Data  Lot". 

112  measurements  were  accrued  for  this  series 
of  fourteen  (14)  holes.  The  arithmetical 
average  for  the  set  is  0.375530".  Hole  finish 
at  "63  AA"  is  excellent.  Eleven  (11)  holes  of 
the  set  exhibit  out  of  tolerance  measurements 
as  evidenced  by  their  individual  profiles  and 
are  discussed  hereinafter. 


b.  Holes  iHt  #3  and  H  meet  the  size  criterion 
established  per  Engineering.  However  they 
exhibit  a  common  characteristic  of  "bellmouthing" 
and/or  "taper"  at  their  exit  plane  of  measure¬ 
ments  which  is  inherent  in  all  of  the  holes  o^ 
this  set.  Chip  load  is  suspected  of  causing  this 
condition  since  it  occurs  at  all  axes  of  measure¬ 
ment  and  at  the  exit  plane  of  the  hole.  The 
drill/reamer  exiting  the  hole  shortly  after  the 
second  measurement  plane  precludes  hole  enlarge¬ 
ment  at  its  start  plane  of  drilling/reaming. 
Side-loading  by  the  operator  and/or  weight 
moment  arm  of  horizontally  mounted  Quackenbush 
drill  head  is  discounted  on  this  phenomenon 
because  it  is  apparent  in  all  axes  of  measure¬ 
ment. 

c.  Holes  #2,  H  and  #8  are  oversize  at  adjacent 

axes  resulting  from  the  influence  drill  head 
side-loads  induced  via  operator  handling  while 
drill  is  in  motion.  Hole  #2  per  Jndividual 
Profile  Printout  yields  0°  and  45  <>xe8 

affected;  Hole  #4  discloses  0°  and  135°  axes 
and  Hole  #8  is  affected  at  axes  0°-45°  and 
135°. 

d.  Holes  #5  and  iHl  are  oversize  at  all  four  (4) 
axes  at  the  exit  plane  of  the  holes.  Chip 
load,  but  to  greater  extent,  is  suspected  as 
cause  for  the  oversize  condition.  The  drill/ 
reeuner  exiting  the  hole  shortly  after  plane 
yA2  relieves  the  condition  and  precludes  hole 
enlargement  at  the  start  plane. 

e.  Six  (6)  holes,  identified  Hole  #7,  #9,  #10, 

#12,  #13  and  #15  were  oversize  the  entire 
l«;gth  and  at  all  axes.  Considering  the 
material  to  be  17-4  PH  Stainless  Steel  of 
substantial  thickness  and  absence  of  auto¬ 
matic  coolant  feed,  heat  and  cutter  edge 
dulling  are  suspect  for  a  completely  over¬ 
sized  hole.  The  hole  sequence  (taken  directly 
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frcHD  the  Identifier  placed  on  the  parts  by 
the  operator)  adds  creditability  to  "dulling" 
as  cause  of  the  oversize  problem. 

B.  Ovality:  Maximum  record  ovality  within  the  set  was 

0.000388"  at  hole  #8.  Individual  holes  within 
this  set  (8  measurements  per  hole)  ranged  to 
as  low  as  0.000009".  Ovality  was  not  a  concern 
on  these  holes.  All  holes  including  the  over¬ 
size  holes  are  within  the  allowable  crlteron 
established  by  Engineering. 

C.  Perpendicularity:  All  holes  within  this  set  were  absolutely 

normal  to  the  longitudinal  axis  of  the  hole 
with  regard  to  its  spotfaced  machining  (inter¬ 
face  surface)  of  the  actuator  to  the  torque 
tube.  Perpendicularity  was  verified  to  be 
zero  degrees  (0°)  when  measured  with  the  lOX 
magnification  Azimuth/Angle  Gaging  Device  off 
of  the  fixture. 

D.  Straightness:  Straightness  is  within  Engineering  design 

tolerance  as  Indicated  by  the  profile  analyses. 

E.  Barrelling:  None  evident  as  Indicated  by  the  profile  analyses 

F.  Bellmouthing:  Evident  on  all  holes  of  the  set  at  the  exit 

plane  of  the  holes  as  indicated  by  the  profile 
analyses. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set 

of  holes  exhibited  a  very  good  interior  wall 
texture.  Holes  were  visually  inspected  by 
Sight  Pipes  at  3X  magnification.  There  were 
no  chatter  marks  nor  vertical  scoring  in  these 
holes. 

H.  Burrs:  This  set  of  holes  was  drilled  and  reamed 

through  one  solid  flange  and  was  deburr ed 
satisfactorily  in  the  normal  process  plan 
work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface 

finish  of  "63  AA"  or  better.  Optical  Surface 
Comparator  was  used  in  this  Inspection. 

Surface  was  smooth  and  shiny. 
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DRILL  METHOD  H-2 


RANKING  NUMBER  50  * 
HOLE  SIZE  0.2495"/0.2515" 


I.  OVERVIEW: 


A.  Tills  set  of  production  holes  features  double  margin 
piloted  tip  drilling  of  the  Cargo  Door  Hinge  and  Jamb 
Structure.  The  structure  is  a  stainless  steel  pre¬ 
drilled  hinge,  aluminum  jamb  and  frame  gusset  stack  up. 

The  stack  up  of  structure  is  approximately  .500"  thick 
and  incorporates  a  gray  colored  "rubbery"  textured 
sealant  material  between  faying  surfaces  at  all  layup 
interfaces.  The  subject  hole  is  sized  by  Engineering 
at  0. 2495"/n. 251 5"  for  Huck-Bolt  Fastener  installations. 

Hole  survey  measurements  w’ere  obtained  using  a  "thru- 
hole"  air  probe  coupled  to  an  Automated  Computer  System 
for  data  storage  and  recovery. 

11.  = 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  Ihe  method  of  production  incorporated 
predrilled,  installed  hinge  to  ensure  basic  hole  locations 
and  interchangeability.  A  hand-held,  air  powered,  drill 
motor  driving  a  double-margin  piloted  tip  drill  was 
employed  to  obtain  the  preliminary  hole  using  the  steel 
hinge  as  a  drill  guide.  A  hand-held,  air  powered,  drill 
motor  driving  a  DJ-380  (0.2495)  special  piloted • reamer 
was  used  to  obtain  a  finalized  hole  per  Engineering 
requirements. 

B.  Reference  to  the  "Executive  Summarv  by  Data  Lot"  reveals 
the  arithmetical  average  for  hole  size  to  be  0.250750", 

a  desir.able  feature  since  the  low  anil  high  limit  criter¬ 
ion  is  0. 2495"/0. 251 5"  respectively  as  established 
per  Engineering.  Ten  (10)  holes  reveal  out  of  tolerance 
measurements.  These  holes  along  with  other  specific 
characteristics  relating  to  these  holes  are  discussed 
in  detail  at  paragraph  III. 

«  DRILL  METHOD  CODING:  H-2  -  Hand-held  Drill  and  Reamer 
Hand-held,  air  power  drill.  Hand-held  air  power  drill 
w/special  reamer. 
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II.  (Continued) 


C.  The  computer  Statistical  Printout  for  this  series  of 

holes  provides  composite  clues  traceable  to  the  following 

for  the  production  of  good  holes: 

1.  Custom  major  assembly  flxturing  ensures  structure 
alignment  and  positioning  reliability. 

2.  Hand-held,  air  powered  drill  method  and  accessories 
are  adequate  to  the  production  of  good  quality 
preliminary  holes  in  preparation  for  final  reaming.' 

3.  Hand-held,  air  powered  drill  motor  driving  a  special 
reamer  produces  good  quality  final  holes. 

4.  The  installed  structural  stainless  steel  hinge  was 
used  as  the  "lead-in"  for  the  drilling  and  reaming 
operations.  Engagement  length  considered  too  short 
is  suggested  as  cause  for  some  degradation  of  hole 
quality.  Ref.  paragraph  III. 

5.  Planning  is  adequate  to  direct  manufacturing  and 
inspection  operational  requirements.  Close  tolerance 
holes  are  inspected  by  sampling  per  planning  direction. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  a.  Reference  "Executive  Summary  by  Data 

Lot".  696  measurements  were  accrued 
for  this  series  of  twenty-nine  (29) 
holes.  The  arithmetical  average  for 
the  set  is  0.250750"  and  hole  finish 
at  "100  AA"  or  better  is  excellent. 

Ten  (10)  holes  of  the  set  exhibit 
out  of  tolerance  measurements  as 
evidenced  by  their  individual  profiles 
and  are  discussed  hereinafter. 

b.  Holes  ^^9  and  #13  reveal  one  "lead-in" 
drill  reamer  spur  at  0.251509". 

Both  were  at  the  entrance  plane  of 
the  drill  and  at  the  45°  (hole  #9) 
and  90°  (hole  #13)  axes  respectively. 
Both  were  regarded  as  no  defect  per 
analysis  and  are  not  Included  in  the 
ten  count  referenced  in  "a"  above. 
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III.  A.  (Continued) 


c.  Holes  //2,  //3  and  i^25  disclose  either 
a  "lead-in  grab  scar"  or  "bread-out 
eccentric  chip  scar".  In  all  cases, 
the  oversize  is  extremely  small, 
ver}  shallow  and  is  limited  to  one 
plane  of  measurements.  Per  analysis, 
all  were  considered  too  insignificant 
to  discount  the  quality  of  the  affected 
hole. 

d.  Holes  #4,  #23,  #24  and  #27  disclose 
oversize  dimensions  which  occur  at  two 
adjacent  axes  and  at  successive  plane 
levels  in  the  holes.  Hole  #4  at 
plane  levels  #1  and  #3,  whereas 

the  remainder  occur  at  plane  levels 
#5  and  #6  in  the  holes .  The  phenomenon 
is  suggestive  of  operator  instability 
since  it  is  a  characteristic  associated 
with  shallow  depth  of  hinge  lead-in 
guide  and  operator  instability  on 
the  drill  head.  Operator  side- loads 
and  drill  "break-out"  also  affect 
the  hole  at  its  exit  plane  in  the  same 
manner . 

e.  Holes  #6,  #14  and  #29  were  the  most 
seriously  affected  oversize  holes  of 
this  set.  In  each  case  these  holes 
per  Individual  Profile  Printout  dis¬ 
close  excessive  side-loading  running 
nearly  the  full  depth  of  the  hole  and 
at  adjacent  axes  which  result  in 
180°  of  the  hole  sidewall.  At  Hole 
#6  the  45  and  90  axes  are  affected; 
on  Holes  #14  and  #29  the  0°  and  135° 
axes  are  affected.  The  operator 
instability  on  either  the  drilling 

or  reaming  operations  conceivably 
resulted  in  the  ovality  and  oversize 
for  the  subject  holes. 


III.  A.  (Continued) 


B.  Ovality: 


f.  The  "Executive  Sunmary  Histogram"  for 
this  set  discloses  full  utilization 
of  the  entire  tolerance  spread.  The 
out  of  tolerance  conditions  are  ex¬ 
plained  in  Items  b  through  e  above. 
The  tendency  toward  the  high  limit 
of  the  tolerance  is  brought  about  by 
the  "bellmouth"  or  "taper"  exhibited 
by  the  examples  described  in  these 
items  wltlle  the  low  limit  hand  of  the 
tolerance  Is  representative  of  the 
basic  hole. 

a.  The  greatest  ovality  of  the  set 

occurred  at  Hole  #14,  Level  #4  and 
was  recorded  at  0.0019dl".  The 
consequence  of  hole  ovality  Is 
described  In  Item  III.A.e.  above. 
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DRILL  METHOD  Q1 


RANKING  NUMBER  51  * 
HOLE  SIZE  0.375"/0.379" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  feature  drilling  and  ream¬ 
ing  of  the  Rear  Spar.  The  assembly  is  of  riveted  sand¬ 
wich  construction  consisting  of  a  forward  cap,  web  and 
aft  cap.  The  overall  thickness  of  the  spar  is  1.000" 
thick  at  its  top  and  bottom  Inboard  end.  The  first 
seven  holes  sized  at  0. 375"+. 004"/-. 000"  by  Engineering, 
are  the  subject  holes  for  measurement  survey.  A  "thru- 
hole"  air  probe  was  used  for  all  size  measurements  on 
these  holes. 

II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  The  method  of  production  incorporated 
custom  fixturlng  for  hole  location.  Holes  were  drilled 
by  a  custom  fixtured,  track  mounted  vertical  Lazy-Arm 
Farnham  Drill.  Drill  plates  accommodated  the  lead-in 
for  Farnham  drilling.  Drilling  was  performed  with  a 

0. 300"/0. 374"  piloted,  deep  fluted,  double  margin 
drill.  Reaming  was  accomplished  out  of  the  fixture, 
with  hand-held  air  powered  drill  motor  and  a  piloted 
reamer.  The  physical  part  (spar)  was  used  as  the 
"steering-guide"  for  reaming  the  part  to  its  final 
hole  size. 

B.  All  of  the  holes  are  well  within  the  tolerance  spread 
established  by  Engineering  and  average  overall  at  the 
midpoint  range  of  the  tolerance.  Reference  to  the 
"Executive  Summary  by  Data  Lot"  reveals  the  average 
hole  size  to  be  0.377154",  a  desirable  feature  since 
the  high  and  low  limit  criterion  is  0. 375000"/0. 379000" 
respectively.  The  specific  characteristics  for  these 
holes  are  discussed  in  detail  at  paragraph  III. 

*  DRILL  METHOD  CODING:  Q-1  -  Quackenbush  -  Hand-held  Air  power 

reamer . 

Vertical  lazy-arm  Farnham  drill  w/hand-held,  air  powered 
reaming  out  of  fixture. 
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C.  The  computer  Statistical  Printout  for  this  series  of 

holes  provides  composite  clues  traceable  to  the  following 
for  the  production  of  these  holes: 

1.  Custom  designed  fixture  ensures  Interchangeability 
and  location  reliability. 

2.  Lazy  Arm  Famham  Drill,  air  powered,  track  mounted 
and  Integral  to  the  fixture  used  for  drilling  pro¬ 
duced  excellent  basic  holes  sized  at  0.370'70.37A". 

3.  Hand-held  air  powerea  drill  motor,  piloted  reamer 
for  final  hole  reaming  to  0.375"/0.379". 

4.  Planning  Is  adequate  to  ensure  model  and  serial 
number  traceability  for  assembly  but  Is  too  abbre¬ 
viated  to  provide  other  than  "Go'V'No-Go"  gaging 
acceptance  on  holes. 

III.  CHARACTERISTICS; 

A.  Hole  Size;  a.  Reference  "Executive  Summary"  for  this 

set.  1623  measurements  were  accrued 
for  this  series  of  holes.  The  Arith¬ 
metical  Average"  for  the  set  is  0.377154". 

b.  All  twenty-nine  (29)  holes  were  within 
the  Engineering  tolerance  limits.  Only 
one  (1)  measurement  of  the  1623  total 
disclosed  an  out  of  tolerance  condition. 

It  occurred  at  Hole  #10,  Level  #5.  Its 
value  was  detected  and  recorded  at 
0.379379";  oversize  at  0.000379".  This 
phenomenon  is  analyzed  to  be  a  chip  scar 
resulting  from  the  break-off  of  the  spar 
cap  chip,  or  the  start  of  the  web  chip 
exiting  the  hole.  The  interface  of  the 
spar  cap  to  web  occurs  at  the  next  deeper 
level  In  the  hole.  The  incident  Is 
extremely  insignificant. 

NOTE:  Refer  to  the  "Executive  Summary  Histogram",  the 

"Individual  Hole  Histograms"  and  the  Individual 
Hole  Profile  Analyses.  The  following  Is  evident 
and  will  be  discussed  In  detail: 
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1.  These  holes  are  predominantly  larger  at  the 
top  (first  levels  of  measurements)  and 
smallest  (last  levels  of  measurements)  at 
the  exit  plane  of  the  reamer. 

2.  The  Individual  Histograms  reveal  measurement 
population  from  the  vicinity  of  0.376000"  to 
slightly  beyond  0.378000". 

3.  The  Summary  Histogram  reveals  an  aggregate 
population  of  data  elements  congested  about 
the  0.376000  area;  then,  following  a  break 
in  data  elements,  picking  up  again  in  the 
0.378000/0.379000  vicinity. 

4.  The  Individual  Hole  Profiles  reveal  pre¬ 
dominantly  larger  top  half  holes  in  the 
spar  laminated  structure  than  exist  at  the 
bottom  half. 

The  four  (4)  characteristics  above  suggest  the 

following  conclusions  may  be  drawn  from  these  clues: 

a.  The  hand  reaming  operation  is  the  primary  cause 
of  the  hole  enlargement  condition  since  the 
physical  spar  assembly  drilled  holes  were  used 
as  the  reamer  guide .  See  Condition  //I  above 
and  paragraph  II. A. 

b.  The  saving  grace  for  this  series  of  holes 
remaining  within  specification  lies  in  the  fact 
that  the  Engineering  tolerance  spread  is  0.004". 
Subtle  side  loads  induced  by  the  operator  during 
his  reaming  created  both  the  enlargement  and 
ovality  characteristics.  The  deeper  into  the 
hole  the  reamer  penetrated,  the  more  stability 
it  achieved,  thus  resulting  in  the  lower  ex¬ 
tremity  being  the  smallest  of  hole  measurements. 
Items  1  and  2  above  relate  to  these  circumstances. 

c.  The  summary  Histogram  contribution  discloses  a 
cluster  representative  of  the  lower  portion  of 
the  holes  (0.376000"  vicinity)  and  the  migration 
owing  to  operator  instability  results  in  the  high 
limit  measurements  (0. 378000"/0. 379000") . 
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d.  The  Hole  Prol  iles  reveal  cliaracLeristics  asso- 
eiated  to  tlie  enlargement  and  ovality  measurements 
within  the  holes. 

e.  More  stable  tooling  Is  suggested  as  a  corrective 
action  to  eliminate  the  measurement  and  geometric 
characteristics  presently  existing  in  this  struc¬ 
ture. 


B.  Ovality:  All  of  tlie  holes  ol  this  set  tend  on 

ovality  to  congregate  in  the  range  of 
0.001"  to  0.002"  and  are  consistent  witli 
the  basic  enlargement  of  tlie  holes. 

Cause  is  hand  reaming  as  previously 
stated.  The  maximum  ovality  for  the 
set  is  0.002595"  at  Hole  #10.  The 
ovality  I'onditions  all  fall  wltliin  the 
allowable  tolerance  range  established 
by  Engineering. 


C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole  with 
regard  to  the  machined  surl'ace  ol'  the  t  it- 
tings.  Perpendicularity  was  verified  to 
bo  zero  degrees  (0  )  when  measured  with 
tlie  lOX  magnification  Az  iniuth/Angle 
Caging  Device.  The  basic,  perpend icular i  tv 
integrity  was  established  by  the  M’xture 
drilling  of  the  0 . 370" /0 . 1 74"  basic  tio  I  e  . 


D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  Indicated  by  the 
profile  analyses. 

E.  Barrelling:  Occasional  as  Indicated  by  profile 

analyses. 


F.  Bel Imouthlng:  Generally  evident  as  indicated  by  profile 

analyses.  This  cliaracterist  ic  was  pre¬ 
cipitated  as  a  result  of  liand  reaming 
and  operator  Instability. 


G.  Hole  Texture:  Rifling,  Scratclies,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  goot! 
interior  wall  texture.  Tliere  v»»as  only 
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Burrs : 


Surface 


an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X  mag¬ 
nification.  There  were  no  chatter  marks 
nor  vertical  scoring  in  these  holes. 

This  set  of  holes,  drilled  and  reamed 
through  stacked  arrangement  of  forward 
spar  cap,  web  and  aft  spar  cap  was 
del)urred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

Finish:  All  holes  of  this  set  exhibited  a  sur¬ 
face  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
tills  inspection.  Surface  was  smooth 
and  shiny. 


DRILL  METHOD  Q-1 


RANKING  NUMBER  52  * 
HOLE  SIZE:  0.3080'70.3130" 


1.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  of  the 
Flap  Fitting  Structure,  Center  Flap.  The  structure  Is 
an  all  aluminum  stack  whose  approximate  thickness  In 
the  area  to  be  surveyed  Is  0.750".  The  subject  hole 
Is  sized  by  Engineering  at  0. 3080"/0. 3130"  for  In¬ 
stallation  of  Hl-Lok  bolts. 

II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  In  this  structure 
for  Inspection.  All  holes  except  three  (3),  identified 
Hole  #2,  #10  and  #20  of  the  set,  are  In  complete 
compliance  with  all  Engineering  criterion.  Measurement 
data  was  accumulated  at  forty  (40)  locations  within 
each  hole  via  "thru-hole"  air  probe.  Holes  #2,  #10  and 
#20  will  be  discussed  in  detail  at  paragraph  III.  along 
with  other  geometric  features  of  the  holes. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.310477"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  Is  a  very  good  feature  since  It 
resides  at  the  mid-point  of  the  Engineering  tolerance 
range . 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  follow¬ 
ing  for  the  production  of  good  holes: 

1.  Custom  designed  fixturing  ensures  interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling 
produces  very  good  preliminary  holes  at  assembly. 

*  DRILL  METHOD  CODING:  Q-l  =  Quackenbush  -  Hand-held  air  power 

reamer 

Quackenbush  air  powered  drill  and  accessory  tooling. 
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II.  C.  (Continued) 


3.  Hand-held,  air  powered  drill  driving  a  piloted  reamer 
achieves  final  hole  size  per  Engineering. 

A.  A  Tool  Set-Up  Station  is  maintained  in  the  vicinity 
of  the  work  area.  Quackenbush  drills  are  set  up  and 
adjusted  by  a  tooling  specialist  who  performs  a 
sample  run  to  ensure  proper  operation  and  adjustment 
on  tooling.  The  dividend  of  this  concept  is  good 
production  holes  at  this  facility. 

5.  Planning  is  very  good,  providing  adequate  work 

instructions  and  definition  of  Inspection  requirements. 

III.  CHARACTERISTICS: 


A.  Hole  Size:  1160  data  entries  were  accrued  for  the 

series  of  twenty-nine  (29)  holes.  The 
arithmetical  average  for  the  set  is 
0.310477"  as  evidenced  per  the 
Executive  Summary  by  Data  Lot.  Holes 
#2,  #10  and  #20  exhibited  only  minor 
tolerance  violation  as  follows: 

1.  Hole  #2.  Only  one  (I)  measurement 
of  the  forty  (40)  data  elements 
for  this  hole  is  oversize.  The 
measurement  is  0.313284"  and  occurs 
at  the  exit  plane  of  the  hole  on 
Its  90  axis  reference.  This  flaw 
is  a  "break-out"  spur  and  is  of 
such  meager  magnitude  it  has  been 
discounted  as  a  detriment  to  the 
quality  of  the  hole.  Irregular 
break-out  load  is  suggested  as 
cause  for  this  spike.  The  plane 
level  directly  above  the  spur  and 
on  the  same  reference  axis  (90  ) 
provides  a  clue  (0.313026")  to 
the  size  in  length  limit  (1/8") 
of  the  flaw,  running  perpendicular 
to  the  exit  plane.  Operator  in¬ 
stability  on  the  hand  reaming  op¬ 
eration  no  doubt  induced  side  loads 
(as  evidenced  in  the  Computer  Profile) 
and  resulted  in  irregular  break-out 
spike. 


381 


III.  A.  CContinued) 


2.  Hole  //lO  Is  very  similar  to  Hole  #2 
and  for  the  same  reasons.  The 
spikes  on  Hole  //lO  occur  at  the 

exit  plane  of  the  hole,  at  the  0  , 

o  o 

45  ,  and  90  reference  axes.  The 
magnitude  of  the  oversize  condition 
is  related  by  values  of  0.313078", 
0.313388"  and  0.313259"  respectively 
with  regard  to  a  high  limit  tolerance 
of  0.313000".  This  flaw  occur¬ 
ring  at  the  extreme  end  of  the  hole 
has  been  discounted  as  a  detriment 
to  hole  quality  owing  to  its  loca¬ 
tion  and  size. 

3.  Hole  #20  exhibits  its  oversize  at 
the  start  plane  of  the  hole.  The 
depth  into  the  hole  is  limited  to 
one  (1)  plane  level;  thus,  length 
of  the  oversize  with  regard  to  the 
hole  is  only  0.100".  The  total 
length  of  the  hole  is  0.75".  Op¬ 
erator  instability  on  reaming  is 
again  considered  the  cause  of  the 
flaw.  Side  load  affect  with  its 
accompanying  bellmouth  and/or 
taper  is  in  evidence  in  all  three 
(3)  of  the  aforementioned  holes. 

4.  Five  (5)  holes  are  nearly  perfect 
specimens.  Computer  Individual 
Printout  discloses  the  total  range 
of  forty  (40)  measurements  per 
hole  to  be  less  than  0.000300". 

These  holes  and  range  of  measure¬ 
ments  are  as  follows: 

Hole  #  Range 

5  0.000198" 

6  0.000250" 

7  0.000284" 

13  0.000297" 

14  0.000284" 


382 


III.  A.  A.  (Continued) 


The  above  holes  are  excellent  and 
outstanding  considering  the  hand 
reaming  operation  performed  to 
achieve  their  final  size. 

5.  Hole  #15  is  in  the  same  status  of 
perfection  as  those  of  item  III.  A. 

A.  The  last  plane  of  measurements 
in  this  hole  are  spiked  due  to  the 
air-probe  sensing  the  chamfer 
created  by  deburr ing  the  end  of  the 
hole.  Discounting  this  plane  of 
measurements,  the  range  for  Hole 

#15  is  0.000293",  derived  as  follows: 

Plane  #8  of  the  0°  axis  *  0.310A31" 
Plane  #5  of  the  90°axis  =  0.310138" 

0.000293" 

6.  Eleven  (11)  holes  are  very  closely 
related  to  those  of  item  III. A. A; 
however,  their  Individual  Profiles 
reveal  the  affect  of  very  subtle 
side  load  and/or  chip  build  up 
deep  inside  the  hole  resulting  in 
slight  bellmouth  and/or  taper  en¬ 
largement.  The  holes  and  their 
specific  range  of  measurements  are 
as  follows: 


Hole  # 

Range 

A 

0.000422' 

8 

0.000405' 

9 

0.000345' 

11 

0.000388' 

17 

0.000353' 

18 

0.000388' 

21 

0.000392' 

22 

0.000340' 

24 

0.000353' 

27 

0.000483' 

28 

0.000362 
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III.  A.  CContinued) 


B.  Ovality: 


7,  The  remainder  of  the  holes  are  Hole 
#1,  //3,  #12,  #19,  #23,  #25,  #26, 
and  #29.  The  holes  are  very  good 
holes  on  size  also,  disfigured 
slightly  by  entrance  or  exit  area 
bellmouthing  and  some  extremely  small 
side  load  enlargement.  At  worst 
case,  the  magnitude  of  enlargement 

is  less  than  0.0009". 

8.  Reference  Executive  Summary  Hist¬ 
ogram.  The  measurement  population 
for  this  set  is  all  centered 
about  the  0. 310000"/0.311000"  zone 
of  the  tolerance  established  by 
Engineering  at  0. 308000" /O. 313000  . 
The  population  is  typical  of  a 
Normal  Gausian  Distribution  typi¬ 
fying  a  condition  of  tools,  process 
and  personnel  in  harmonious 
operation. 

Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #20  and  discloses  a 
value  of  0.001681"  at  plane  level  #10 
on  the  0°-90°  axes.  Hole  #20  Individual 
Profile  discloses  a  relatively  straight 
t-aper  enlargement  from  plane  #2  through 
break-out  at  plane  #10.  This  condi¬ 
tion  is  suggestive  of  operator  insta¬ 
bility  during  the  hand  reaming  operation. 
The  ovality  feature  of  Hole  #20  did  not 
exceed  the  Engineering  tolerance. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual  Hole 
Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  the  ovality 
measurements.  None  of  the  holes  of 
this  set  exceeded  the  Engineering 
Criterion. 
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III.  (Continued) 


C.  Perpendicularity 


D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthing: 

G.  Hole  Texture: 

H.  Burrs: 

I.  Surface  Finish: 


Hole  size,  on  the  low  side  of  the 
tolerance,  would  not  permit  inspection 
via  the  Angle/Azimuth  Gaging  Device; 
therefore,  verification  of  perpendic¬ 
ularity  was  accomplished  by  sample 
fastener  installation  and  head  gap 
Inspect'^d.  The  holes  were  normal  to 
the  longitudinal  axis  of  the  holes  and 
acceptable  to  established  Engineering 
Criterion . 

Straightness  is  within  Engineering 
design  tolerance  as  Indicated  by 
profile  analyses. 

Nonexistent  as  evidenced  by  profile 
analyses. 

Evident  in  very  minute  and  subtle  amounts 
as  indicated  per  item  III. A. 6.  Refer 
also  to  item  III. A. 7.  The  referenced 
holes  of  this  group  exhibit  the  same 
condition  of  their  entrance  plane  of 
drilling;  however,  none  of  the  con¬ 
ditions  exceed  the  allowable  Engineer¬ 
ing  tol 'ranee. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very 
good  Interior  wall  texture.  There 
was  only  an  occasional  very  shallow 
angle  rifling  when  Inspected  by 
Sight  Pipes  at  3X  magnification. 

There  were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

This  set  of  holes,  drilled  through 
stack-up  of  skin  panel  and  fitting 
was  debarred  satisfactorily  in  the 
normal  process  plan  work  Instructions. 

All  holes  of  this  set  exhibited  a  surface 
finish  of  "100  AA"  or  better.  Optical 
surface  comparator  was  used  in  this  in¬ 
spection.  Surface  was  smooth  and  shiny. 
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DRILL  METHOD  H-1 


RANKING  NUMBER  53* 
HOLE  SIZE  O.25OO"/0.254O" 


OVERVIEW; 


A.  This  set  of  production  holes  features  drilling  of  a  structure, 
approximately  0.625*'  thick.  This  is  an  aluminum  stack-up  of 
three  C3)  laminates  (-001  machined  fitting,  web  and  -002  machined 
fitting).  The  subject  hole  is  sized  by  Engineering  at  0.2500"/ 
0.2540"  for  HiLok  fastener  installation,  Type  II,  per  STP  2006. 

SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey 
inspection.  The  method  of  production  utilized  a  pilot  drilled 
-001  machined  fitting  to  assure  basic  hole  location.  These  holes 
were  drilled  on  assembly  by  hand-held,  air  powered  drill  motor  for 
all  drilling  operations.  Reaming  was  not  planned  nor  performed  to 
obtain  the  final  hole  sizing.  Several  drilling  operations  were 
performed  to  arrive  at  the  final  hole  size.  Drill  stalling  was 

an  infrequent  occurrence  on  this  series  of  holes,  and  most  probably 
was  a  product  of  less  material  removal  between  the  drill  steps  lead¬ 
ing  up  to  final  sizing  of  the  structure  being  drilled.  Inspection 
measurements  were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  These  holes  disclose  a 
measurement  distribution  whose  arithmetical  average  is  0.250669" 
for  the  set  of  twenty-nine  (29)  holes.  This  attribute  is  ideal 
since  it  is  at  the  extreme  low  limit  of  the  0. 2500"/0.2540" 
established  Engineering  Criterion.  All  twenty-nine  (29)  holes 

of  this  set  are  well  within  the  tolerance.  Details  on  the  geometric 
features  of  the  holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  aeries  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
very  good  holes: 

1.  Custom  designed  fixturlng  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Hand-held,  air  powered  drill  method  and  accessories  produces 
good  basic  holes.  Accessory  tooling  was  a  drill  block,  secured 
by  deco  clamping  in  a  preceding  hole  to  stabilize  the  tooling 
against  "roll-over*  during  drilling.  Drill  block  is  similar 

to  spacematlc  drill  locating. 

DRILL  METHOD  CODING:  H-1  -  Hand-held  Drill,  No  reaming. 

Pilot  drilled  -001  machined  fitting.  Hand-held,  air  powered  drill. 

No  reaming. 
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3.  Reaming  was  not  planned  nor  employed  to  obtain  the  final  hole 
size. 

4.  Planning  Is  very  good,  providing  adequate  work  Instructions 
and  definition  of  Inspection  requirements. 

III.  CHARACTERISTICS; 

A.  Hole  Size:  These  are  excellent  holes.  1044  data  entries  were 
accrued  for  the  series  of  twenty-nine  (29) 
holes.  The  arithmetical  average  for  the  set  at 
0.250669*'  Is  an  Ideal  attribute  considering  the  0.2500"/ 
0.2540"  established  Engineering  Criterion.  This  series 
of  holes  additionally  Is  exceptionally  good  on  "round¬ 
ness."  In  several  cases  only  0.0001"/0.0003"  separates 
the  36  measurements  made  In  each  hole. 

a.  Six  (6)  holes,  identified  Hole  #3,  #4,  #5,  #19,  #21 
and  #22  are  nearly  perfect.  On  nine  (9)  planes  of 
of  measurements,  thirty-six  (36)  recordings  per 
hole,  the  total  range  from  largest  to  smallest 
recordings  are  as  follows: 

Hole  #3 .  0.000310" 

Hole  #4 .  0.000353" 

Hole  #5 .  0.000293" 

Hole  #19  ....  0.000345" 

Hole  #21  .  .  .  .  0.000293" 

Hole  #22  ...  .  0.000284" 

b.  Five  (5)  holes,  identified  Hole  #2,  #7,  #8,  #10 
and  #20  are  very  similar  to  the  holes  described 
above.  An  extremely  subtle  bellmouth  taper  at  the 
exit  end  of  the  drilling  caused  the  range  of 
measurements  to  increase  slightly. 

c.  Hole  #1  disclosed  the  hipest  reading  of  the  entire 
set  at  0.253431"  which  occurred  at  Plane  #8,  on  its 
45  axis  of  orientation.  Reference  to  the  Individ¬ 
ual  Profile  grlntout^reveals  a  side  loading  condition 
along  the  45  and  90  axes  brougjit  about  by  operator 
drilling  instability. 

d.  Holes  #11  and  #17  are  similar  to  Hole  #1.  Side¬ 
loading  along  the  same  axes  and  for  the  same  reason 
exists  on  Hole  #17.  Hole  #11  exhibits  the  condition 
predominantly  along  Its  0°  and  135°  axes. 

e.  The  Individual  Histograms  disclose  a  normal  Gauslan 
Distribution  except  In  cases  where  side  loading 
operator  Instability  Induced  variations.  Collect¬ 
ively,  the  variations  are  apparent  on  the  Executive 
Summary  Histogram  for  this  set.  Generally,  the  set  is 
very  good  example  of  process,  tooling  and  operator 
personnel  functioning  In  harmony. 
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B.  Ovality:  Hole  #18  revealed  a  maximum  ovality  within  the  set  and 

was  recorded  at  a  magnitude  of  0.002448"  at  Level  #9 
on  the  45°-135°  axes.  Ovality  was  induced  by  operator 
side  loads  as  described  in  item  III.  A.  c. 

Ovality  was  not  a  cause  for  concern  on  this  set  of 
holes.  Holes  #5  and  #19  recorded  values  as  low  as 
0.000052'70. 000086"  and  0.000060"/0. 000078"  for  this 
feature.  There  are  no  ovality  conditions  in  this  set 
which  exceed  the  Engineering  Criterion. 

C.  Perpendicularity;  The  flange  geometry  of  the  machined  fittings 

would  not  permit  inspection  via  the  Angle/Azimuth  Gaging 
Device,  therefore  verification  of  perpendicularity  was 
verified  by  sample  fastener  installation  and  head  gap 
inspected.  The  holes  were  normal  to  the  longitudinal 
axis  of  the  holes  and  acceptable  to  established 
Engineering  Criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  None  evident  as  Indicated  by  profile  analyses. 

F.  Bellmouthing:  Evident  in  very  minute  and  subtle  amounts  as  indicated 

by  Holes  #23,  #24,  #28  and  #29.  Various  other  holes  of 
this  set  exhibit  the  same  condition  at  either  their 
entrance  or  exit  planes  of  drilling;  however,  none  of 
the  conditions  exceed  the  allowable  Engineering  toler¬ 
ance. 

G.  Hole  Texture;  Rifling,  Scratches,  Chatter  marks.  This  set  of  holes 

exhibited  a  very  good  interior  wall  texture.  There  was 
only  an  occasional  very  shallow  angle  rifling  when 
inspected  by  Sight  Pipes  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical  scoring  in  these 
holes. 

H.  Burrs:  This  set  of  holes  was  drilled  through  a  laminated  stack 

and  was  deburred  satisfactorily  in  the  normal  process 
plan  work  instructions. 

I.  Surface  Finish;  All  holes  of  this  set  exhibited  a  surface  finish 

of  "100  AA"  or  better.  Optical  surface  comparator  was 
used  in  this  Inspection.  Surface  was  smooth  and  shiny. 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  54  * 
HOLE  SIZE:  0. 250'70. 254" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  features  Quackenbush  drilling  and 
reaming  of  the  Outer  Wing  Assembly. 

The  structure  is  a  graphite  epoxy  skin,  liquid  shim,  and  aluminum 
substructure.  The  subject  holes  are  located  along  the  inboard, 
root  end,  of  the  wing  between  the  front  and  rear  spars.  The  holes 
are  sized  by  Engineering  at  0.250'70.254"  for  installation  of 
NAS  6204  Bolts. 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  from  one  (1)  Left  Hand  and 
one  (1)  Right  Hand  Wing.  The  method  of  production  was  Quackenbush, 
air  powered  drilling  of  preliminary  holes  followed  by  Quackenbush 
reaming  of  the  holes  to  final  Engineering  size.  Inspection  measure¬ 
ments  were  obtained  via  "thru-hole"  air  probe  coupled  to  data 
storing  HP  Programmable  Calculator. 

B.  Reference  Executive  Summary  by  Data  Lot. 

This  set  discloses  a  measurement  distribution  whose  arithmetical 
average  is  0.253522".  This  is  an  exceptionally  high  value  brought 
about  most  probably  by  fibrous  material  choking  the  chip  flutes 
and  chip  load  resulting  in  enlargement  and  taper  in  these  holes 
at  either  their  entrance  or  exit  plane  vicinities.  Specific  dis¬ 
cussion  on  the  geometric  characteristics  of  all  holes  are  discussed 
at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  flxturing  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling  for 
production  of  preliminary  holes  at  assembly. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted  reamer 
achieves  final  hole  size  per  Engineering. 

4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements.  Plug  "Go'7"No-Go" 
gaging  is  employed  in  hole  inspection. 

*  DRILL  METHOD  CODING;  Q-2  -  Quackenbush,  Air  Power  reamer.  Mechanical 

Quackenbush,  air  powered  drill  and  accessory  tooling.  389 


5.  Visual  aids  (illustrated  assembly  breakdown  by  Bulkhead  Fuselage 
Station)  is  an  invaluable  asset  providing  a  visual  reference  of 
the  overall  assembly  concept  to  line  personnel. 

III.  CHARACTERISTICS : 


A.  Hole  Size:  580  data  entries  were  accrued  for  the  series  of 

twenty-nine  (29)  holes.  The  arithmetical  average  for  the 
set  is  0.253522".  This  average  is  exceptionally  high 
and  brought  about  by  the  fact  that  most  of  the  holes  in 
this  set  are  tapered  and  approach  aud/or  exceed  the  high 

limit  tolerance  of  0.254"  established  by  Engineering. 

1.  The  basic  size  of  this  set  of  holes  is  extraordinar¬ 
ily  large  as  compared  to  other  sets  that  are  all 
aluminum.  The  graphite  epoxy,  dry  drilled  and 
reamed,  is  strongly  suspect  of  flute  clogging  and 
resulting  in  excessive  chip  build-up  enlargement  of 
the  holes. 

Refer  to  Individual  Hole  Computer  Printouts. 

Eight  (8)  holes  of  twenty-nine  (29)  holes 
reveal  oversize  conditions  to  the  high  limit 
0.254"  established  per  Engineering.  Refer  to  the 
Axes  (o'^-45°-90°-135  )  series  of  measurements  for 
hole  growth  and  profile  of  theii  enlargement  tapers. 
The  Individual  Hole  Arithmetical  Averages  for  these 
holes  are  as  follows: 


Hole  # 

Average 

Hole  # 

Average 

1 

0.253351" 

16 

0.252400' 

2 

0.253452" 

17 

0.253231' 

3 

0.253262" 

18 

0.255289' 

4 

0.253348" 

19 

0.252910' 

5 

0.253128" 

20 

0.252282' 

6 

0.253903" 

21 

0.253687' 

7 

0.253521" 

22 

0.253932' 

8 

0.253408" 

23 

0.253436' 

9 

0.253163" 

24 

0.254105' 

10 

0.253465" 

25 

0.253804' 

11 

0.253670" 

26 

0.253870' 

12 

0.253526" 

27 

0.253343' 

13 

0.253333" 

28 

0.253462' 

14 

0.253327" 

29 

0.253835' 

15 

0.254709" 

Note :  Reference  to  Individual  Hole  Computer  Printouts 
disclose  a  fairly  equal  distribution  of  entrance 
plane  to  exit  plane  taper  enlargement.  Ordinarily, 
via  "Go"/"No-Go"  Gaging,  holes  #15, #18,  and  #24  are 
the  only  specimens  which  would  be  picked  up  as  over- 
.^Ize  owing  to  the  fact  that  they  are  generally 
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oversize  at  all  axes  and  for  considerable,  if  not 
full  length  of  engagement.  The  tapers  existing  on 
Holes  #11  and  #26  would  not  be  detected  because 
they  are  on  the  bottom  side  and  are  only  very  slightly 
oversize . 

The  tapers  on  the  entrance  vicinities  (top  side  of  the 
skin  (Holes  #6, #11, #22  and  #29)  are  slight  and  shallow 
and  most  probably  would  be  accepted  per  normal  inspec¬ 
tion  rationale  of  the  "no-go"  gage  barely  entering 
the  hole  and  only  at  the  top. 

2,  Reference  Individual  Hole  Histograms  and  Executive 
Summary  Lot  #5  Histogram. 

Both  Histogram  records  reveal  data  populations  near 
and/or  exceeding  the  tolerance  high  limit.  The  data 
and  profiles  of  this  set  suggest  an  evaluation  study 
to  improve  the  basic  shape  of  the  holes  in  the  graphite 
epoxy  structure. 


B.  Ovality;  Maximum  recorded  ovality  within  the  set  occurred  at  Hole 

#4  and  recorded  at  0.001038"  at  Level  #4  on  the  45  -135 
axes.  Ovality  was  caused  by  the  "spike"  in  the  data 
j-gp^gggjjr.at ive  of  a  bubble  in  the  lic^uid  shim  material 
inside  the  hole.  A  glazed  concave  area  was  invisible 
via  sight  pipe  inspection  at  3X  magnification. 

Ovality  generally  was  not  a  concern  for  these  holes. 

All  of  the  ovality  measurements,  except  Hole  #4,  were 
below  0.001"  in  magnitude.  None  of  the  holes  exceeded 
the  Engineering  tolerance  on  ovality. 

C.  Perpendicularity:  Holes  for  this  set  were  checked  by  gaging  with  lOX 

Azimuth/Angle  Gaging  Device  and  verified  to  be  normal 
(90°)  to  the  longitudinal  axis  of  the  holes  and  skin 
moldline.  Inspection  of  installed  fasteners  in  other 
assemblies  also  revealed  no  perceptible  head  gaps. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  None  =existent  per  profile  analyses. 

F.  Bellmouthing:  This  is  the  most  predominant  geometric  feature  apparent 

on  this  set  of  holes.  The  characteristic  has  been 
addressed  per  narrative  at  item  III. A.  and  III.A.l. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of  holes 

exhibited  very  good  interior  sidewall  texture.  There 
was  occasional  shallow  angle  shredding  in  the  graphite 
epoxy  perceptible  on  several  holes  when  inspected  by 
Sight  Pipes  at  3X  magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these  holes. 
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H.  Burrs: 


This  set  of  holes,  drilled  end  resned  st  essesdkly,  were 
sstisfsctorily  dehurred  in  the  nonpsl  process  plan  work 
instructions. 

1.  Surface  Finish:  All  holes  of  this  set  eidiibited  s  surface  finish  of 
approxinstely  "100  AA".  Optical  Surface  Comparator 
was  used  in  this  Inspection.  Surface  was  ssnoth  and 
shiny  except  for  occasional  shredding  in  the  graphite 
epoxy  and  several  very  slight  bubbles  in  the  liquid 
shim  material. 
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DRILL  METH(n)  8*2 


RANKING  NUMBER  55  * 

HOLE  SIZE:  0.2460'V0.2500" 


I.  OVERVIEW; 


A.  This  set  of  production  holes  features  drllllngt  reaming*  cold  work¬ 
ing  and  final  reaming  of  the  Rear  Spar  Installation,  Upper  Surface. 

The  structure  is  an  all  aluminum  stack  consisting  of  the  rear  spar 
flange  and  the  upper  skin  panel.  The  approximate  thickness  in  the 
area  to  be  surveyed  is  0.625".  The  subject  hole  is  slsed  by  Engineer¬ 
ing  at  0.2460". 0.2500"  for  Installation  of  Hi-Lok  flush  head  bolts 
following  the  final  reaming  after  cold  working  of  the  holes. 

II.  SUMMARY; 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for  inspect¬ 
ion.  The  method  of  production  utilised  Spacematlc  drilling  of 
preliminary  holes  to  15/64"  diameter;  hand  rea^ng  to  0.235"/0.238" 
in  preparation  for  cold  working;  cold  working  by  means  of  split 
sleeve  expansion  of  the  holes;  then,  final  hand  reaming  to  0.2460"/ 
0.2500". 

Measurement  data  was  accumulated  at  thirty- two  (32)  locations  with¬ 
in  each  hole  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithisetlcal  average  is  0.248657" 
for  the  set  of  twenty-nine  C29)  holes.  A  single  characteristic 
of  side  load  enlargement  induced  via  the  hand  reaming  operation 
had  a  significant  affect  on  the  holes  individually  and  also  on 
the  above  noted  set  average  measurement. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes 
are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  flxturlng  ensures  interchangeability  and  location 
reliability  of  the  basic  structure. 

2.  Spacematlc,  air  powered  drill  and  accessory  tooling  produces 
preliminary  holes  at  assembly  to  15/64"  size. 

*  DRILL  METHOD  CODING:  S-2  -  Spacematlc  -  Hand-held  reaming. 

Spacematlc,  alrpowered  drill  and  accessory  tooling. 
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3.  Hand-held,  air  powered  drill  driving  a  piloted  reaMr  prepares 
all  holea  for  the  cold  working  and  on  a  follow-up  operation 
produces  the  final  hole  slae  per  Engineering. 

A.  A  Tool  Set-Up  Station  la  Maintained  In  the  vicinity  of  the  work 
area.  Spacenatlc  drills  are  set  up  and  adjusted  by  a  tooling 
specialist  who  perforas  a  saaple  run  to  ensure  proper  operation 
and  adjusteent  on  tooling. 

5.  Planning  Is  very  good,  providing  adequate  work  instructions  and 
definition  of  Inspection  requlrMMnts. 

III.  CHARACTERISTICS! 


A.  Hole  Slse:  928  data  entries  were  accrued  for  this  series  of  twenty- 
nine  C29)  holes.  The  arlthaetlcal  average  for  the  set 
Is  0.248657"  as  evidenced  per  the  Executive  Suenary  by 
Data  Lot.  Sons  holea  are  nearly  perfect  and  herein¬ 
after  are  discussed  along  with  the  holes  bearing  diaracter- 
Istlca  detracting  fron  otherwise  very  good  holes. 

1.  Three  (3)  holes  are  nearly  perfect  speclnens.  Com- 
puter  Individual  Printout  dlacloees  the  total  range 
of  thlrtv-two  (32)  MeasureMsnts  per  hole  as  follows: 

Hole  #  Range 

1  0.000181" 

3  0.000579" 

28  0.000172" 

The  above  holes  are  excellent  and  outstanding  con¬ 
sidering  the  hand  operation  perfomed  to 

achieve  their  final  slse. 

2.  Several  holes  within  this  set  exhibit  a  few  dlnen- 
slons  out  of  the  thirty-two  (32)  per  hole  that  ex¬ 
ceed  the  0.2500"  established  per  Engineering.  They 
will  be  discussed  first  for  their  cause  and  affect 
on  hole  fsonetry  and  finally  for  thalr  affect  on 
hole  quality. 

Hole  Individual  CoMputer  Profiles  disclose  side 
loading  as  the  single  characteriettc  geonetrlcally 
Intierent  in  this  set  for  all  heOes  except  those 
related  In  iten  IXI.A.l  above.  Side  load  forces 
nay  be  traced  along  the  principal  axes  (0^  -  45°  - 
90°  -  135°)  of  the  holes  via  the  Conputer  Printout 
Tapes.  They  disclose  that  the  axes  exhibiting  the 
greatest  affect  of  side  load  forces  are  also! 
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a.  Tha  T—  axaa  dlacloslng  tha  ovaralaa  dlaentlons. 

b.  Faatura  significantly  In  tha  Inforaatlon  of  tha 
hola  axlt  axaa  ballaouth/or  tapar. 

c.  Ara  conatltuant  axaa  In  tha  calculation  of  tha 
largaat  ovality  aaaauraaanta .  Tha  plana  laval 
of  tha  ovality  aaaauroaant  la  coaaon  to  tha 
ovaralaa  plana  laval. 

d.  Axaa  faaturlng  tha  graataat  alda  load  affact 
are  alvaya  adjacant  to  aach  othar. 

Tha  following  tabla  la  darlvad  froa  Individual  holaa 
exhibiting  the  overalae  diaenalona  and  llluatrata  Itaaa 
"a"  and  "d"  above. 

For  ralatlonahlp  to  bel]jiouth  and  ovality,  itaaa  "b” 
and  "c",  refer  to  the  Individual  Coaputer  Printout, 


Hole  J 

Side  Loaded 
Axaa 

Plana  Lavala  Dlacloalng  Overalae 
Dlnenalona  and  Affected  Axle _ 

4 

90°  -  135° 

7.  8.  0  90®;  8  e  135° 

6 

0°  -  135° 

7,  8  0  0®;  7,  8  0  135° 

8 

0°  -  135° 

7,  8  0  0°;  7.  8  0  135° 

10 

0°  -  135° 

8  0  135® 

11 

0°  -  45° 

7,  8  0  0®;  7.  8  0  45° 

13 

900  _  135© 

8  0  90° 

IS 

450  -  90° 

8  0  45° 

19 

OO  -  45° 

7,  8  0  0® 

20 

OO  -  135° 

4  thru  8  0  OO;  5  thru  8  0  135®; 
6,  7,  8  0  45® 

21 

0®  -  45® 

8  0  0®;  8  0  45° 

23 

0°  -  45° 

7,  8  0  0®;  7  0  45® 

25 

o 

• 

O 

o 

7,  8  0  0° 

27 

0®  -  135° 

7.  8  0  0®;  7  0  45° 

Ganarally,  tha  alda  load  eoadltion  axlata  aa  a  bulge 
In  tha  hale  along  tha  affected  aawa  and  la  anoothly 
tapered  aa  It  appreathaa  tha  axit  plane  of  tha  hola. 
Tha  apactfic  ovaralaa  **apiksa'*  raeordad  on  tha 
Conputar  Printout  aa  'lU^iaat  landing"  for  tha  holaa 
praaantad  in  the  praeadlag  tabla  ara  aa  followai 
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Hol«  #  Hlah>«t  Reading*  Axl«  and  Plana  Livl 


4 

0.250957” 

135° 

8 

6 

0.250517" 

135° 

@ 

8 

8 

0.250155" 

135° 

@ 

8 

10 

0.250069” 

135° 

@ 

8 

11 

0.250698" 

0° 

@ 

8 

13 

0.250379" 

90° 

@ 

8 

15 

0.250328" 

45° 

@ 

8 

19 

0.251043" 

0° 

@ 

7 

20 

0.251164" 

0° 

9 

8 

21 

0.250267" 

450 

§ 

8 

23 

0.250129” 

45° 

9 

8 

25 

0.250172” 

0° 

9 

8 

27 

0.250233" 

45° 

9 

7 

II 

readings  above  are  significant  in  pointing  out 
fact  that  77X  of  the  oversize  conditions  exist 

at  plana  #8  (tha  azlt  of  tha  hole  In  tha  natarial 
atack)  and  tha  raaalndar  ara  approxiaataly  1/8" 
prior  to  axitlng  tha  hola.  Tha  ovarslsa  valuaa  ara 
only  a  alnuta  aaount  over  tha  Engineering  high 
tolerance  and  have  no  degrading  affect  on  the  quality 
of  tha  hola  except  in  tha  caaa  of  Hole  #20. 

Hole  120  aidiibita  aliihtly  ovarsiaa  conditions  along 
its  0^  -  450  and  135°  axaa.  Tha  hand  raaaing  operation 
is  considered  tha  cause  and  side  load  affect  is 
apparent  along  the  noted  axes  over  one  half  the  length 
of  this  hole. 

The  purpose  of  delineating  all  of  the  statistics  on 
the  aforenoted  holes  is  to  apprise  the  host  facility 
of  the  quality  and  success  of  its  spsceaatic  drilling 
which  will  becone  apparent  as  the  raswinder  of  this 
audit  la  reviewed.  A  process  change  from  hand  resalng 
to  spacesMtic  dtilllng  on  theae  holes  nay  he  worth  a 
second  look.  Spacsaatic  drilling  with  your  present 
existing  tooling*  we  strongly  feel  would  produce  a 
hole  of  superior  quality}  he  swre  consistent  on  sise 
than  hand-reaning  and  elininato  the  side  load  affect. 
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B.  Ovality:  Maximum  recorded  ovality  within  the  eet  occurred  at  Hole 

#4  and  dlaclosee  a  value  of  0.002207"  at  plane  level  #8 
on  the  45°  -  135®  axes.  Hole  #4  Individual  Profile  dis¬ 
closes  a  relatively  straight  taper  enlargement  from  plane 
#4  through  to  break-out  at  plane  #8.  This  condition 
Is  suggestive  of  operator  Instability  during  the  hand 
reaming  operation  resulting  In  a  aide  load  enlargement 
of  the  hole. 

Ovality  on  this  set  Is  greater  than  all  other  hole  series 
at  this  facility.  The  cause  has  been  stated  as  side 
load  due  to  hand  reaming. 

C.  Perpendicularity:  Hole  size,  on  the  low  side  of  the  tolerance,  would 

not  permit  Inspection  via  the  Angla/Azmuth  Gaging  Device; 
therefore,  verification  of  perpendicularity  was  accom¬ 
plished  by  saa^le  fastener  Installation  and  head  gap 
Inspected.  The  holes  were  normal  to  the  longitudinal 
axis  of  the  holes  and  acceptable  to  established  Engineer¬ 
ing  Criterion. 

D.  Straightness:  Straightness  Is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 

F.  Bellimu thing:  Evident  throughout  this  set  In  varying  aaiounts  as 

Indla'led  per  Item  III.A.2.  The  holes  of  this  group 
exhibit  the  bellmouth/taper  condition  at  their  exit 
plane  of  drilling  and  reaming.  Cause  has  been  related 
to  side  loading  resulting  from  hand  reaailng  Instability. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  sat  of 

holes  eidilblted  a  very  good  Interior  wall  texture.  There 
was  only  very  shallow  angle  rifling  when  Inspected  by 
Sight  Pipes  at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  In  ithese  holes. 

H.  Burrs:  This  set  of  holes,  drilled  through  stack-up  of  skin 

panel  and  spar,  was  deburred  satisfactorily  in  the 
normal  process  plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  "100  AA"  or  better.  Optical  surface  cosgiarator 
was  used  In  this  Inspection.  Surface  was  smooth  end 
shiny. 
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DRILL  METHOD  H-1 


RANKING  NUMBER  56 
HOLE  SIZE  0.185'70.188" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  features  double  margin  piloted 
tip  drilling  of  the  Aft  Bulk  Cargo  Door.  The  structure  Is  an 
all  aluminum  stack  of  three  (3)  laminates  of  structure  Incor¬ 
porating  a  gray  colored  "rubbery"  textured  sealant  material 
between  faying  surfaces  at  all  layup  Interfaces.  The  hole  Is 
sized  by  Engineering  at  0.185"/0.188"  for  HlLok  Fastener 
Installations. 

Hole  survey  measurements  were  obtained  using  a  Dlatest  Split- 
Ball  Gage  that  Incorporates  an  Alina  linear  displacement 
measurement  transducer  and  is  coupled  to  an  Automated  Computer 
System  for  data  storage  and  recovery. 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
inspection.  The  method  of  production  Incorporated  pre-drilled 
fuselage  skins  for  basic  hole  locations.  A  standard  designed 
hand-held  drill  block  was  used  as  the  "steering  guide"  for 
drilling  of  holes  to  final  size  requirement.  A  hand-held,  air 
powered,  drill  motor  driving  a  double-margin  piloted  tip  drill 
was  employed  to  obtain  a  "one-shot"  final  sized  fastener  hole. 

A  piloted  tip  countersink  (standard  tooling  DJ-570) ,  with  micro¬ 
stop  control  was  used  for  fastener  countersink  angle  and  depth 
control.  Reaming  was  not  required,  nor  planned.  In  order  to 
achieve  final  hole  size  integrity  and  finish  texture. 

B.  Reference  to  the  "Executive  Summary  by  Data  Lot"  reveals  the 
arithmetical  average  for  hole  size  to  be  0.185680",  an 
excellent  feature  since  the  low  and  high  limit  criterion  Is 

0. 185"/0. 188"  respectively  as  established  per  Engineering.  -- 
Hole  #3  reveals  an  out  of  tolerance  measurement  at  0.188603". 
Thie  hole  along  with  other  specific  characteristics  relating 
to  these  holes  are  discussed  In  detail  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the 
production  of  excellent  holes: 

1.  Custom  designed  major  fixturlng  ensures  structure  align¬ 
ment  and  positioning  reliability. 

2.  Hand-held,  air  powered  drill  method  and  accessories  are 
adequate  to  the  production  of  good  quality  holes.  Ream¬ 
ing  not  a  requirement. 

DRILL  METHOD  CODING:  H-1  -  Hand-held  drill.  No  reaming 

Gen.  Dynamics  std.  hand-held  drill  block,  steering  guide.  No  reaming. 
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3.  Hand-held  drill  block  incorporating  drill  guide  buahlnga  ia 
adequate  to  enaure  hole  alignaMnt.  A  double  margin  piloted 
tip  drill  waa  uaad  for  *'one-ahot"  drilling  operation  to 
bole  final  alalng. 

4.  Planning  ia  adequate  to  direct  manufacturing  and  inapection 
operational  requlremanta .  Cloae  tolerance  holea  are  in- 
apected  by  aampllng  per  planning  direction. 

5.  Morale  among  production  peraonnel  ia  high.  The  attributea 
of  pride  and  craftamanahlp  are  evident  in  the  quality  of 
work  produced.  Ihia  aerlea  of  holea  were  outatandlngly 
good  for  a  hand  drilling  technique. 

111.  CHARACTERISTICS! 

A.  Hole  Site:  a.  Reference  "Executive  Sumnary  by  Data  Lot." 

348  meaaurementa  were  accrued  for  thia  aeriea 
of  twenty-nine  (29)  holea.  The  arithmetical 
average  for  the  set  la  0.185680"  which  ia 
excellent  eapecially  considering  the  drilling 
mode  to  be  a  hand  operation. 

b.  Hole  #3:  Reference  Individual  Hole  Profile 
Printout.  Dlls  hole  exhibits  an  oversiae 
condition  (0.188603")  at  the  entrance  plane 

of  the  drill  to  hole  which  disappears  entirely 
as  depth  in  the  hole  is  acquired  and  rigidity 
ia  achieved.  Ihe  phenoioenon  is  suggestive  of 
drill  "lead-in  grab"  since  It  occurred  at  the 
start  plane  of  the  hole  and  is  evident  at  only 
one  location  (0  axis  at  level  #1)  and  vanishes 
thereafter.  The  condition  does  not  repeat  as 
depth  in  hole  is  acquired  and  is  therefore 
considered  extremely  insignificant  to  hole 
quality. 

c.  Hole  #5  discloses  one  (1)  undersise  diamnsion. 
0.184914",  at  the  entrance  plane  of  the  hole 
and  its  0°  orientation  axis.  This  dimension 
was  discounted  iPilvsis  and  physical  £0, 

XiJUUi  inspection  ££  wsanification. 

The  undersise  reading  yas  a  result  of  the 
split-ball  probe  riding  onto  the  sealant 
material  that  had  seeped  out  of  the  faying 
surfaces  and  onto  the  hole  sidewall.  Visual 
inspection  confirmed  the  smeared  sealant  inside 
of  the  hole.  Ordinary  swabbing  would  not  remove 
the  substance.  Fastener  installation  sheared 
off  the  substance  with  no  hole  degradation. 

d.  Holes  #5,  10  and  #13  are  examples  offering 
evidence  of  drill  "lead-in"  and/or  "breakout¬ 
load"  affect  enlarging  the  vicinity  of  the 
entrance  and/or  exit  planes  of  several  holes. 

The  "bellmouth"  or  "taper"  is  extremely  subtle 
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■Inctt  ita  overall  diacnslons  are  well  within 
the  tolerance  bounda  aatabllahed  by  Engineering* 

a.  The  "Executive  Suamry  Hlatograa"  for  thia  set 
dlaclosea  a  dlaMnalonal  population  crowding 
the  extrsBM  low  Halt  of  the  tolerance  which 
la  excellmt.  The  alope  tendency  In  the  vicin¬ 
ity  of  the  0.186000*  tone  la  brou^t  about  aa  a 
reault  of  the  "bellaouth"  or  "taper"  eidilblted 
by  the  exaaplea  daacrlbed  In  Iteai  '*d"  above » 
while  the  low  Halt  (0.185000")  la  repreaenta- 
tlve  of  the  baaic  drilled  hole  for  this  set. 

B.  Ovality:  a.  Ovality  throughout  this  set  of  holes  was 

affected  aost  by  the  "lead-in"  and  "breakout 
loads"  enlarging  elthar  the  entrance  or  exit 
planes  of  the  holes  and  creating  the  "bellaouth" 
and/or  "taper"  which  In  turn  reflects  on 
ovality.  The  condition  la  Insignificant  since 
the  entire  set  of  holes  aaet  the  Engineering 
tolerance. 

C.  Perpendicularity:  lha  holea  of  this  set  were  by  dealgn  too 

small  to  accept  the  Angle/Atlauth  Gaging  Device 
plug  to  determine  perpendicularity  via  this 
means.  Hl-Lok  fasteners  were  Installed  In 
several  holes  and  head  gap  was  inspected  for 
perpendicularity  of  the  hole.  In  addition » 
the  concentricity  of  the  countersink  to  the 
hole  shank  was  visually  checked  at  3X  signi¬ 
fication.  The  holes  were  perpendicular  to 
the  skin  contour. 

D.  Straightness:  Straightness  Is  within  Engineering  design 

tolerance  as  Indicated  by  the  profile  analyses. 

E.  Barrelling:  Hone  evident  as  Indicated  by  the  profile  analyses. 

P.  Bellaouthlng:  Generally  evident  as  Indicated  by  profile 

analyaes.  Ihls  characteristic  was  precipitated 
es  a  result  of  hand  tooling  and  operator  In¬ 
stability.  Reference  Item  III. A.  for  details. 

G.  Hole  Texture:  Rifling*  Scratches*  Chatter  narks.  This  of 

holes  eidilbited  a  very  good  interior  wall 
texture.  There  was  only  an  occasional  very 
shallow  angle  rifling  when  inspected  by  Sl^t 
Pipes  at  3X  aagnlflcatlon.  There  were  no 
chatter  marks  nor  vertical  scoring  In  these 
holes. 
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H.  Burrs: 


This  set  of  holes,  drilled  throu^  e  stocked 
arrengenent  of  hardware  was  debarred  satis¬ 
factorily  in  the  normal  process  plan  work 
instructions . 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface 

finiah  of  “lOO  AA".  Optical  Surface  Comperator 
was  used  in  this  inspection.  Surface  was 
smooth  and  shiny  except  in  the  areas  where 
the  gray  sealant  iispinged  onto  the  hole 
sidewalls. 


DRILL  METHOD  H-2 


RANKING  NUMBER  57  * 
HOLE  SIZE:  0.250"/0.254" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  features  freehand  drilling  and 
reaming  of  holes  in  the  Fuel  Tank,  Aft  Fuselage. 

The  structure  is  all  aluminum  lay-up  of  skin  and  fitting  whose 
approximate  thickness  is  0.25”  in  the  area  being  surveyed.  The 
subject  hole  is  sized  by  Engineering  at  0.250  /0.25A  for 
installation  of  ANX8  (NAS  1448)  Steel  High  Shear  Rivets. 

II.  SUMMARY! 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
survey  inspection.  The  method  of  production  was  freehand 
drilling  and  reaming.  Inspection  measurements  were  obtained 
via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.253013 
for  the  set  of  twenty-nine  (29)  holes.  This  value  is  exceptionally 
high  since  it  resides  at  the  extreme  high  vicinity  of  the  Engineer¬ 
ing  tolerance  range.  Most  of  the  holes  of  this  set  meet  the 
criterion  established  by  Engineering.  Specific  discussion  on  the 
geometric  characteristics  of  all  holes  are  discussed  at  paragraph 

III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
excellent  holes: 

1.  Custom  designed  flxturlng  ensures  interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Freehand  air  powered  drilling  is  employed  to  produce  pre¬ 
liminary  holes. 

3.  Freehand  reaming  using  a  piloted  reamer  and  handheld  guide 
bushing  produces  the  final  sized  holes. 

4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  Inspection  requirements.  Plug  "Go'7"No-Go 
gaging  is  employed  in  hole  inspection. 


DRILL  METHOD  CODING:  H-2  -  Hand-held  Drill  and  Ream. 

Freehand  air  powered  drill  4  freehand  reaming  using  a  piloted  reamer 
&  handheld  guide  bushing.  ... 


5.  Visual  aids  (lllustratad  aaaairf»ly  ^ 

Station)  la  an  Iwaluabla  aaaat  providing  a  visual  rsfarenca  of 
tha  ovarall  asaanibly  concapt  to  llna  paraoonal. 


III. 


CMARACTERISTISS: 
A.  Hole  Slaa: 


348  data  aatrUa  vara  accruad  for  tha  aeries  of 
holes.  Tha  arlthsMtlcal  avaraga  for  tha  oet  la  0.253013  , 
very  close  to  tha  0.254”  high  li*it  P«  aatabllahad 
Engineering  Criterion.  Tha  affect  of  Instability  on 
vertical  freehand  operations  la  apparent  on  the  also 
and  shape  features  of  tha  holes  In  this  •et.  The  TOSt 
pradonlnant  gaonatrlc  feature  traceable  to  tha  nathM 
of  production  la  taper  and/or  ballnouth  at  either  the 
entrance  and/or  salt  vicinities  of  the  holes  attribut¬ 
able  to  operator  Instability  and  cantar-aaeklng  on  the 
reaailng.  The  feature  axlats  but  la  within  tha  tolerance 
per  Engineering  Criterion. 


1.  lasic  hole  also  la  generally  within  tolerance  llMta 
as  evidenced  by  the  Individual  neaaurementa  of  the 
holes.  Range  la  the  predominant  factor  In  determining 
hole  shape  for  this  set.  A  series  of  measurements  taken 
at  twelve  (12)  locations  within  each  hole  were  as 
follows: 


[ole  ♦ 

Ranae 

1 

0.001302” 

2 

0.000603” 

3 

0.000338” 

4 

0.001900” 

5 

0.001017” 

6 

0.000569” 

7 

0.001802” 

8 

0.000750” 

9 

0.000629” 

10 

0.000776” 

11 

0.000509” 

12 

0.000825” 

13 

0.000647” 

14 

0.000758” 

15 

0.000983” 

W<>\!Li 

Ranae 

16 

0.001086” 

17 

0.000907” 

18 

0.001267” 

19 

0.000595” 

20 

0.000457” 

21 

0.000564” 

22 

0.000414” 

23 

0.000836” 

24 

0.000798” 

25 

0.000809” 

26 

0.000853” 

27 

0.000415” 

28 

0.001034” 

29 

0.001534” 

Reference  Individual  Hole  ConpuUr  Printouts.  The 
relative  thinness  of  the  atructura  favors  operator 
Instability  and  subaaquent  hole  enlargement  «  start 
of  drilling  and  upon  final  breakout.  Moat  of  the 
holes  In  this  set  crowd  the  high  limit  of  the  tolerance. 
The  hlA  readings  are  primarily  due  to  bellmouth 
and/or  taper  conditions  Inherent  In  the  structure 
per  the  above. 
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3.  Ref«r«ie«  Individual  Hola  Hlstograns  genarally  dlselosa  * 
a  distribution  populatad  elosaly  togathar  but  at  tha 
uypar  Holt  of  tha  tolaranca.  The  balloouth  and/or 
taper  Is  secountabla  for  tha  data  distribution.  Tha 
Executive  Sunoiary  Histogram  for  this  set  exhibits  a 
spread  covering  a  0.002000"  between  0.252"  and  0.254" 

Into  the  overslse  range  for  the  same  reason.  This 
magnitude  Is  not  uncosnsm  In  freehand  operations 
such  as  la  this  set. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hole 

#7  and  recorded  at  0.001302"  at  Level  #3  on  the  0**-90^ 
axes.  This  value  Is  negligible  and  does  not  cause 
quality  degradation  of  the  hole.  Ovality  was  a  function 
of  center-seeking  In  reaming  brouglit  about  via  subtle 
operator  Instability. 

Ovality  was  not  a  cause  for  concern  on  this  set.  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  acceptable  on  ovality  measurements.  None  of  the 
holes  of  this  set  exceeded  the  Engineering  Criterion. 

C.  Perpendicularity:  Holes  for  this  set  were  checked  by  gaging  with  lOX 

Aslmuth/Angle  Gaging  Device  and  verified  to  be  normal 
(90°)  to  the  longitudinal  axis  of  the  holes. 

D.  Strali^tness:  Straightness  Is  within  Engineering  design  tolerance  as 

Indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  Analyses. 

F.  Bellawuthlng:  This  characteristic  has  been  addressed  per  narrative 

at  Item  III.A.  and  III.A.2.  The  feature  Is  slight  and 
does  not  violate  the  tolerance  criterion  established 
per  Engineering. 

G.  Hole  Texture:  Rifling,  Scratches,  Oiatter  marks.  This  set  of 

holes  eidilblted  very  good  Interior  sldei>all  texture. 

There  was  occasional  shallow  angle  rifling  perceptible 
on  several  holes  when  Inspected  by  Sight  Pipes  at  3X 
sMgnlflcatlon.  There  were  no  chatter  marks  nor  vortical 
scoring  In  those  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed  at  assembly,  were 

satisfactorily  deburred  In  the  normal  process  plan  work 
Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  eidilblted  a  surface  finish 

of  "100  AA"  or  better.  Optical  Surface  Comparator  was 
used  In  this  Inspection.  Surface  was  smooth  and  shliqr. 
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DRILL  METHOD  H-2 


RANKING  NUMBER  58  * 
HOLE  SIZE:  0. 376"/0. 378" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  and  ream¬ 
ing  of  the  Aft  Fuselage.  The  structure  is  aluminum 
approximately  .660"  thick  at  two  (2)  206-031-329  fittings 
and  .470"  at  two  (2)  206-031-327  fittings  that  were 
drilled  and  reamed  along  with  the  closure  bulkhead.  The 
subject  hole  is  sized  by  Engineering  at  0. 376"/0. 378" . 

II.  SUMMARY : 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  The  method  of  production  utilized  a 
major  custom  built  assembly  fixture  to  assure  hole 
location.  Holes  were  drilled  by  Buckeye  air  powered 
hand-held  drill  and  fixture  lock-on  guide  bushing. 

Reaming  was  accomplished  in  like  fashion  with  the 
Buckeye  Hand-held  drill  motor  and  a  modified  tip  0.3760" 
reamer.  Inspection  measurements  were  obtained  by 
"thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose 
Arithmetical  Average  is  0.376348"  for  the  set  of  twen! 
nine  (29)  holes.  The  holes  of  this  series  were  of 
excellent  quality.  First  glance  at  the  Computer  Data 
Printout  reveals  both  oversize  and  undersize  conditions 
are  evident  in  several  holes.  Data  analysis  and  on-site 
observations  documented  the  causes  for  both  anomalies 
which  are  discussed  in  detail  at  paragraph  III. A.  All 
holes  of  this  set  were  well  within  the  Engineering 
established  tolerance  criterion. 

C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  excellent  holes: 

*  DRILL  METHOD  CODING:  H-2  *  Hand-held  drill  and  ream. 

Buckeye  hand-held,  air  driven  motor  w/Buckeyc,  hand-held 
drill  for  reaming. 
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II.  C.  (Continued) 


! 


1.  Major  custom  flxturlng  ensures  interchangeability 
and  location  reliability. 

2.  The  Executive  Summary  Histogram  reveals  the  data 
distribution  characteristics  of  a  Normal  Gauslan 
Distribution  indicating  that  tooling,  processes  and 
personnel  in  harm.onlous  control. 

3.  The  "Executive  Summary  by  Data  Lot"  reveals  the 
average  of  all  measurements  to  be  0.376348  , 
centered  about  lowes.  point  of  the  tolerance  spread, 
an  ideal  characteristic  for  hole  size. 

4.  Detail  planning  is  adequate  for  the  definition  of 
the  operational  steps  required  to  product  the  part 
and  hole  inspection  requirements. 

111.  CHARACTERISTICS: 

A.  Hole  Size:  a.  Reference  "Executive  Summary"  for  this 

set.  811  measurements  were  recorded 
for  this  series  of  twenty-nine  (29) 
holes.  The  average  reading  0.376348" 
is  excellent  since  it  crowds  the  low 
range  of  the  Engineering  tolerance. 

b.  Holes  1 ,  //2,  //6,  //lO,  ?/14  and  //22 
exhibiting  oversize  conditions  were 
discounted  by  analysis  and  onsite 
observation  as  non-existant .  The 
oversize  for  all  holes  occurred  at  the 
entrance  plane  of  the  air-probe  and  the 
oversize  readout  resulted  from  the 
deburring  chamfer  being  slightly  large 
and  consequently  the  air-probe  sensed 
the  condition  as  oversize.  Hole  #22 
oversize  readout  was  the  result  ot  a 
slight  shallow  angle  scratch  at  the 
entrance  plane  of  the  hole. 

c.  It  was  documented  prior  to  performing 
air-probe  measurements  that  several 
holes  yield  spots  of  zinc  chromate 
primer  and/or  slight  primer  over-spray 
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III.  A. 


(Continued) 


d . 


B.  Ovality: 


C.  Perpendicularity 


D.  Straightness: 


on  their  sidewalls.  The  holes  are 
correct,  and  the  Computer  Printout 
reflects  the  result  of  the  primer  film 
on  the  sidewall.  Reference  Holes  #1, 

#3,  #4,  etc.,  for  typical  examples  of 
primer  Impingement. 

Reference  to  the  Individual  Profile 
Analyses  disclose  the  hole  to  be 
slightly  "tapered"  or  "bellmouthed" 
up  to  a  magnitude  approaching  0.001" 
in  some  cases.  The  condition  begins 
at  the  entrance  plane  of  the  reamer  and 
gradually  enlarges  with  depth  toward  the 
exit  plane  of  the  hole.  This  condition 
results  from  subtle  side  loads  induced 
by  operator  during  reaming.  Drill 
weight  moment  arm  and  operator  influence 
percipitates  the  characteristic 
"taper",  "oval"  or  "bellmouth". 

The  greatest  ovality  occurred  at  one  of 
the  oversize  holes;  namely.  Hole  //22, 
and  was  the  result  of  the  scratch  In¬ 
fluence  at  0.002000"  at  the  0°-90°  axes 
planes.  Ovality  generally  is  good  with 
the  distribution  ranging  below  0.0005". 
Item  IlI.A.d.  above  describes  the 
influence  of  the  operator  on  ovality. 

All  other  holes  met  the  Engineering 
tolerance  criterion  by  exhibiting 
measurements  of  0.001"  or  less. 

Perpendicularity  is  assured  via 
custom  flxturing  and  axis  of  the 
vertical  drill  press. 

Straightness  is  within  Engineering 
tolerance  by  fact  of  acceptance  of  the 
"thru-hole"  air  probe  and  plug  gages 
to  full  length  of  the  holes. 
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III.  (Continued) 


E.  Barrelling: 


F.  Bellmouthing: 


G.  Hole  Texture: 


H.  Burrs: 


I.  Surface  Finish: 


This  feature  is  the  predominant  charac¬ 
teristic  exhibited  by  this  set  of  holes 
as  previously  related.  Reference  to 
Individual  Hole  Profiles  of  the  Computer 
Printout  bear  witness  to  the  geometry. 
Refer  to  profile  printout  of  Holes 
//9,  //15,  #19,  etc.,  for  verification. 

Evident  on  occasion  as  indicated  by 
the  profile  analyses  buy  overwhelmed 
by  the  "barrelling"  feature. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  satin 
finish  Interior  wall  texture.  There 
was  occasional  very  shallow  angle 
rifling  when  inspected  by  Sight  Pipes 
at  3X  magnification.  The  "barrelling" 
effect  within  the  holes  was  detectable 
only  by  air  probe  profile  computer 
printout.  There  were  no  chatter  marks 
nor  vertical  scoring  in  these  holes. 

This  set  of  holes  was  drilled  and 
reamed  through  a  laminated  stack  and 
was  debarred  satisfactorily  in  the 
normal  process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a 
surface  finish  of  "100  AA".  Optical 
surface  comparator  was  used  in- this 
inspection.  Surface  was  smooth  and 
of  satin  texture  in  the  aluminum  sec¬ 
tion  of  the  holes.  The  steel  elements 
of  the  structure  were  bright  and  shiny 
and  surface  finish  considerable  better 
than  "100  AA". 


.DRILL  METHOD  H-3 


RANKING  NUMBER  59  * 
HOLE  SIZE:  0.249"/0.253" 


I.  OVERVIEW: 

A.  An  automated  measuring  system  utilizing  a  thru-hole  air 
probe  coupled  to  a  Hewlett  Packard  9815A  Programmable 
Calculator  was  used  to  accumulate,  store  and  produce  a 
Computer  Statistical  Printout  of  each  hole  of  this  set. 
The  Computer  Statistical  Printouts  of  individual  holes 
provide  composite  clues  leading  to  disclosure  of  the 

geometric  features  of  the  holes  related  to  their  measure¬ 
ment  profiles. 

II.  SUMMARY: 

A.  Siz  (6)  holes  were  available  in  the  noted  aircraft  for 
survey  inspection  on  a  non-interference  basis. 

B.  Tolerance  criterion  of  0.249000"/0. 253000"  was  arbitrarily 
established  as  measurement  limits  for  these  holes  for 
purposes  of  collecting  computer  data  via  thru-hole  air 
probe.  The  structure  at  approximately  0.40"  thick  per¬ 
mitted  an  acquisition  of  sixteen  (16)  data  points  for 
each  hole  to  establish  profile  characteristics  of  the 
specimens  and  reveal  their  geometric  features. 

III.  CHARACTERISTICS : 

A.  Hole  Size:  96  data  measurements  were  accrued  for  the 

series  of  six  (6)  holes.  Reference,  Exec¬ 
utive  Summary  by  Data  Lot  discloses  an 
arithmetical  average  of  0.253828"  for  this 
set.  This  average  supports  a  supposition 
that  the  manufacturers  design  criterion 
was  0,2500"/0.2540"  and  the  fasteners  were 
1/4"  Flush  Head  Jo-Bolts. 

*  DRILL  METHOD  CODING:  H-3  -  Hand  Held  Drilling;  Cold  Worked 

Hand  Held  Reaming 
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III.  A.  (Continued) 


1 .  Reference  Individual  Hole  Computer  Print¬ 
outs.  All  of  the  holes  of  this  set  are 
bellmouthed  at  either  the  top  or  bottom 
measurement  planes  and  their  measurement 
range  from  highest  reading  to  lowest 
within  each  hole  is  exhibited  via  the 
following  chart: 


Hole  // 

High 

Low 

Range 

1 

0.254862" 

0.252190" 

0.002672 

2 

0.255043" 

0.252966" 

0.002077 

3 

0.254207" 

0.253009" 

0.001198' 

4 

0.255940" 

0.253121" 

0.002819' 

5 

0.254216" 

0.252638" 

0.001578' 

6 

0.255431" 

0.253259" 

0.002172' 

The  general  bellmouth  and/or  taper  at 
the  top  or  bottom  of  these  holes  most 
probably  results  from  "center-seeking" 
of  the  drill  at  its  start  plane  and 
chip  build  up  where  the  slight  over¬ 
size  exhibits  Itself  at  the  break-out 
plane  of  the  hole. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 

occurred  at  Hole  //2  and  discloses  a  value  of 
0.002069"  on  the  0°-90”  axes  at  plane  level 
1.  Ovality  is  the  product  of  the  bellmouth 
feature  in  this  hole. 

Ovality  in  the  series  generally  ranges  be¬ 
tween  0.001"/0.002"  and  is  a  function  of 
the  bellmouth  features  of  the  holes. 

C.  Perpendicularity:  Inspection  was  performed  via  lOX 

magnification.  The  holes  were  normal  to 
their  longitudinal  axis  and  acceptable  to 
established  Engineering  criterion. 


.  (Continued) 

D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthlng : 

G.  Hole  Texture: 

H.  Burrs: 


Straightness  is  within  Engineering  design 
tolerance  as  indicated  by  profile  analyses. 


Non-existent  as  evidenced  by  profile  analyses 


Evident  in  subtle  amounts  as  indicated  by 
holes  referenced  in  III. A.  and  III.A.l 
narrative. 

Inspection  omitted  by  oversight  on  this 
set  of  holes. 

There  was  no  evidence  of  burrs  in  the 
assembly . 


I.  Surface  Finish:  Omitted  by  error  on  this  set  of  holes. 


DRILL  METHOD  S-1 


RANKING  NUMBER  60  * 
HOLE  SIZE:  0.2460"/0.2500" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  of  the 
Skin  to  Frame,  Center  Flap  Assembly.  The  structure  is 
an  all  aluminum  stack  whose  thickness  in  the  area  to  be 
surveyed  is  approximately  0.50".  The  subject  hole  is 
sized  by  Engineering  at  0.2460"/0.2500"  for  installation 
of  Flush  Hl-Lok  bolts. 

II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  All  holes  are  in  complete  compliance  with 
all  Engineering  criterion.  Measurement  data  was  accum¬ 
ulated  at  twenty  (20)  locations  within  each  hole  via 
"thru-hole"  air  probe.  Quality  of  the  holes  will  be 
discussed  in  detail  at  paragraph  III,  along  with  other 
geometric  features  of  these  holes. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.248175"  for  the  set  of  twenty-nine  (29) 
holes.  T'^^s  value  is  a  very  good  feature  since  it  resides 
at  the  mid-point  of  the  Engineering  tolerance  range. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for 
the  production  of  good  holes; 

1.  Custom  designed  fixturing  ensures  interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Spacematic,  air  powered  drill  and  accessory  tooling 
produces  good  holes  at  assembly  without  follow-on 
reaming . 

*  DRILL  METHOD  CODING:  S-1  =  Spacematic,  One-shot,  No  reaming. 

Spacematic,  alrpowered  drill  &  accessory  tooling. 
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II.  C.  (Continued) 


3.  Reaming  was  not  a  requirement  in  the  production  of 
these  holes, 

4.  A  Tool  Set-Up  Station  is  maintained  in  the  vicinity 
of  the  Work  area.  Spacematic  drills  are  set  up  and 
adjusted  by  a  tooling  specialist  who  performs  a 
sample  run  to  ensure  proper  operation  and  adjustment 
on  tooling.  The  dividend  of  this  concept  is  good 
production  holes  at  this  facility. 

5.  Planning  is  very  good,  providing  adequate  work  in¬ 
structions  and  definition  of  inspection  requirements, 

III.  CHARACTERISTICS: 


A.  Hole  Size: 


580  data  measurements  were  accrued  for 
the  series  of  twenty-nine  (29)  holes. 

The  arithmetical  average  for  the  set, 
0.248175",  is  an  ideal  characteristic 
in  regard  to  the  Engineering  criterion  of 
0. 2460"/0, 2500",  This  is  a  very  good 
series  of  holes  on  size.  Reference  to 
Computer  Individual  Hole  Printout  dis¬ 
closes  the  following: 

1.  Four  (4)  holes  are  nearly  perfect 
with  their  total  spread  of  twenty 
(20)  measurements  per  hole  having 
recorded  the  following  range: 


Hole  # 

Range 

Comment 

7 

0.000492" 

See  Note* 

14 

0.000362" 

15 

0.000431" 

20 

0.000405" 

Note* 

Generally  a  very  subtle 

ovality  at  the  start  plane 
of  drilling  or  at  the  exit 
plane  is  the  feature  account¬ 
ing  for  otherwise  perfectly 
drilled  holes. 


413 


III.  A.  (Continued) 


2.  The  remainder  of  the  holes  comprising 
the  series  comply  with  all  Engineering 
tolerance  criterion  on  size  and  shape. 

3.  Reference  Individual  Hole  Computer 
Printout.  Two  (2)  characteristics 
detract  from  otherwise  excellent  holes 
and  are  identified  as  follows: 

a.  Bellmouth  and/or  taper  at  the 
entrance  vicinity  of  the  holes. 
Holes  ini,  im,  #19  and  #27  are 
representative  examples. 

b.  Bellmouth  and/or  taper  at  the  exit 
vicinity  of  the  holes.  Holes  #4, 

#5  and  #18  are  representative 
examples. 

The  cause  for  the  taper  featured 
at  the  start  plane  of  the  holes 
is  suggestive  of  minor  drill 
"seeking"  of  the  tip  on  drill  entry 
since  the  oval  feature  is  rather 
uniform  at  all  axes  of  raeaiurement. 

The  cause  for  the  taper  and/or 
bellmouth  at  the  exit  vicinity 
of  the  holes  is  suspected  as  drill 
heat  generated  by  the  absence  of 
coolant.  The  exit  areas  also  are 
uniform  on  axis  distribution  of  the 
taper  feature  suggesting  chip  load 
build-up  prior  to  breakout. 

4.  Several  holes,  namely  Hole  #2,  #8, 

#12  and  #24  disclose  an  enlargement 
(not  in  excess  of  the  Engineering 
tolerance)  at  the  start  plane  of 
drilling.  This  feature  is  discounted 
as  cause  for  concern.  The  feature, 
extremely  uniform  in  magnitude,  is 

an  impingement  of  the  countersink 
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III.  A.  4.  (Continued) 


along  the  vertical  wall  of  the  hole 
"picked  up"  by  the  air-probe.  The 
feature  has  been  disallowed  as  cause 
for  concern  in  analysis  )f  the  holes. 

5.  Reference  Executive  Summary  by  Data 
Lot.  The  range  of  measurements  for 
this  set  is  0.003595"  as  an  aggregate 
series  and  all  measurements  are 
within  the  tolerance  allowables  of 
0.2460"/0.2500".  Individual  Hole 
Computer  Printout  discloses  the  range 
of  measurements  to  be  very  good.  Ten 
(10)  holes,  slightly  exceeded  0.001" 
total  ranges,  are  displayed  as  follows 
In  increasing  order  of  magnitude: 


Hole  if 

Range 

29 

0.001021" 

8 

0.001026" 

17 

0.001028" 

10 

0.001052" 

6 

0.001071" 

27 

0.001121" 

16 

0.001156" 

4 

0.001172" 

18 

0.001690" 

23 

0.001255" 

All  other  holes  of  the  set  were  less 
than  0.001"  in  total  range  of  measure¬ 
ments  . 

The  reader  is  reminded  of  the  fact 
that  the  Profile  Displays  on  the 
Computer  Printout  when  exhibited  by 
the  figure  "0",  is  representative  of 
0.0001"  per  "0";  thus,  it  "ollows, 
we  are  dealing  in  very  minute  devia¬ 
tions  in  this  series  of  holes. 
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III.  (Conlnued) 


B.  Ovality: 


C.  Perpendicularity: 


D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthlng : 


Maximum  recorded  ovality  within  the 
set  occurred  at  Hole  //23  and  discloses 
a  value  of  0.000960"  at  plane  level 
1f\  on  the  45  -135  axes.  Enlargement 
at  the  entrance  plane  of  measurements 
was  due  to  a  spike  in  the  counter¬ 
sink  impinging  onto  the  hole  side- 
wall.  The  magnitude  is  well  within 
the  Engineering  tolerance  criterion 
and  is  not  a  detracting  feature 
for  hole  quality. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual 
Hole  Computer  Printout  discloses  all 
holes  to  be  extremely  good  on  the 
ovality  measurements.  None  of  the 
holes  of  this  set  exceeded  the 
Engineering  Criterion. 

Hole  size,  on  the  low  side  of  the 
tolerance,  would  not  permit  inspec¬ 
tion  via  the  Angle/Azimuth  Caging 
Device;  therefore,  verification  of 
perpendicularity  was  accomplished 
by  sample  fastener  installation  and 
head  gap  inspected.  The  holes  were 
normal  to  the  longitudinal  axis  of 
the  holes  and  acceptable  to  establish¬ 
ed  Engineering  Criterion. 

Straightness  is  within  Engineering 
design  tolerance  as  indicated  by 
profile  analysts. 

Non-existent  as  evidenced  by 
profile  analyses. 

Evident  in  minute  and  subtle  amounts 
as  indicated  by  holes  identified  per 
item  III. A. 3. a.  and  III. A. 3. b. 

Various  other  holes  of  this  set 
exhibit  the  same  condition  at  their 
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III.  F.  (Continued) 


entrance  and  exit  planes;  however, 
none  of  the  conditions  exceed  the 
allowable  Engineering  tolerance. 


G.  Hole  Texture: 


H.  Burrs: 


I.  Surface  Finish: 


Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very 
good  interior  wall  texture.  There 
was  only  an  occasional  very  shallow 
angle  rifling  when  inspected  by 
Sight  Pipes  at  3X  magnification. 

There  were  no  chatter  marks  nor 
vertical  scoring  in  these  holes. 

This  set  of  holes,  drilled  through 
stack-up  of  skin  panel  and  frame 
was  debarred  satisfactorily  in  the 
normal  process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a 
surface  finish  of  "100  AA"  or  better. 
Optical  surface  comparator  was  used 
in  this  inspection.  Surface  was 
smooth  and  shiny. 
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DRILL  METHOD  S-2 


RANKING  NUMBER  61  * 

HOLE  SIZE:  0. 3090"/0.3110" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  features  drilling  and  reaming  of  an 
Aircraft  Wing  Splice  Installation.  The  structure  Is  the  right 
hand  wing  bottom  panel.  The  area  for  hole  survey  Is  the  right 
hand  wing  bottom  panel.  The  area  for  hole  survey  Is  the  Inboard 
and  outboard  rows  of  5/16"  fasteners  Identified  WZ  10  (HL19PB; 

HlLok  Flush  Bolts),  located  0.68"  and  1.86"  Inboard  from  the  toe 
of  the  main  splice  forging  at  WS  110.00.  The  assembly  Is  approxl- 
matex>  0.70"  thick  In  the  area  being  surveyed  and  the  subject  holes 
are  sized  per  planning  at  0. 3090" /O. 3110". 

II.  SUMMARY; 


A.  Twenty-nine  (.29)  holes  were  available  in  this  structure  for  survey. 
The  method  of  production  featured  preliminary  Spacematic  drilling 
of  the  structure  followed  by  hand  reaming  of  the  holes  to  achieve 
final  Engineering  size.  Measurement  data  was  accumulated  at 
thirty-two  (32)  locations  within  each  hole  via  "thru-hole"  air 
probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  Is  0.310429" 
for  the  set  of  twenty-nine  (29)  holes.  Normally  the  aforenoted 
average  would  be  considered  an  acceptable  feature  since  It  resides 
within  the  parameter  of  the  high  limit  of  the  Engineering  tolerance 
range;  however,  there  Is  an  adverse  Inherent  "bellmouth" 
characteristic  throughout  this  series  of  holes. 

Owing  to  the  bellmouth  feature,  59%  of  the  holes  of  this  set 
exceed  the  0.3110"  high  limit,  at  the  reamer  entry  vicinity  of 
the  holes. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes. 
Including  the  condition  above,  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes. 

*  DRILL  METHOD  CODING;  S-2  ■  Spacematic,  Hand-held  reaming. 

Spacematic,  air  driven  power  unit  w/hand-held  air  powered  drill  driving 
piloted  reamer. 
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1.  Custom  designed  flxturlng  ensures  Interchangeability  and 
location  reliability. 

2.  Spacematlc,  air  driven  power  unit  produces  preliminary  holes 
prior  to  hand  reaming  to  their  final  Engineering  size. 

3.  Reaming  is  accomplished  via  hand-held  air  powered  drill  motor 
driving  a  piloted  reamer  to  acquire  final  hole  size  at 
0.3090*70. 3110". 

4.  Planning  is  very  good,  providing  adequate  work  instructions 
and  definition  of  inspection  requirements. 

III.  CHARACTERISTICS! 


A.  Hole  Size:  927  data  measurements  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average  for 
the  set,  0.310429",  is  deceptive  in  the  face  of  an 
inherent  bellmouth  feature  exiting  on  the  holes. 

1.  Reference  Individual  Hole  Computer  Printouts. 

The  bellmouth  feature  exists  at  the  entrance  plane 
of  the  holes  which  is  the  outer  surface  of  the  wing 
in  regard  to  the  direction  of  drilling  and  proceeds 
at  a  diminishing  taper  rate  until  depth  in  the  hole 
forces  alignment  and  a  C'^nsistent  diameter  hole  is 
achieved.  Generally,  th^t*  v:onditlon  is  not  acquired 
until  the  operator  is  307.  or  more  through  the 
assembly  stack. 

The  bellmouth  and  'or  t>  .  yt  condition  is  the  most 
predominant  detril■t.'^tai  £;e-^metrlc  feature  to  over¬ 
all  hole  quality  on  this  series  of  holes. 

2.  Reference  Individual  Hole  Computer  Printouts  for 
Holes  #1  throu^  #11,  #13,#14,#18,#19,#20,#21  and 
#28. 

The  above  noted  eighteen  (18)  holes  are  oversized 
in  a  belloiouth  mode  on  all  axes  of  measurement  and 
diminish  at  a  relatively  consistent  rate  as  depth 
in  the  hole  is  achieved. 

The  condition  is  suggestive  of  chatter  (center- seeking) 
of  the  reamer  pilot  since  all  axes  are  equally  affected 
on  magnitude.  Operator  instability  on  tool  handling 
(drill  motor)  during  its  duty  cycle  in  reaming  also 
has  an  influence  on  the  final  profile  configuration 
of  the  holes. 

Reference  note  #1  on  page  4. 
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3,  Reference  Individual  Hole  Coiiq>uter  Printouts  for 
Holes  #12,#15,#16,#17,#22  throug}t  #27  and  #29. 

These  holes  exhibit  the  affect  of  operator  side 
loading  during  the  hand  reaming  operation.  Operator 
instability  on  hand  operations  is  distinguished  by 
hole  enlargement  along  the  axls/or  adjacent  axes 
where  the  load  was  applied  as  illustrated  by  the 
Computer  Profile  Data: 


Hole  # 

Axis  Axes  Affected 

12 

15 

0°-135° 

0°-45® 

16 

90°-135° 

17 

22 

0°-135° 

45°-90° 

23 

0°-45° 

24 

45°-90° 

25 

0° 

26 

90°-135° 

27 

29 

90°-135° 

0°-45® 

Note:  On  axis  oriented  measurements  the  0®  and  135° 
are  adjacent. 


4.  Reference  Executive  Summary  Histogram. 

The  data  profile  for  this  set  populates  the  entire 
tolerance/oversise  zones  and  feastures  various  spikes. 
The  data  is  indicative  of  the  hole  variations  exper¬ 
ienced  via  the  bellmouth  feature  disdussed  in  the 
aforementioned  text.  Additionally,  there  is  an 
inherent  instability  associated  with  hand-held 
drill/reaming  operations  »dien  assist  tooling  is 
not  etq>loyed  to  help  control  vertical  alignment 
and  eliminate  side  load  influence. 

Ovality:  Maxinaim  recorded  ovality  within  the  set  occurred  at 

Hole  #17  and  discloses  a  value  of  0.001879"  at  plane 
level  #1  on  the  45  -135  axes.  Enlargement  ovality 
at  this  plane  of  measurements  results  from  side  loads 
Induced  via  operator  instability  during  reaming  result¬ 
ing  in  enlargement  along  the  135°  axis.  The  affect  of 
operator  side  loading  has  been  discussed  in  the 
narrative  per  item  III.A.3. 

Ovality  is  affected  by  the  taper  and  operator  side 
load  on  these  holes  and  its  magnitude  a  function  of 
the  oversize  conditions. 
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C.  Perpendicularity:  Absence  of  an  appropriate  plug  to  accommodate 

this  hole  size  would  not  permit  Inspection  via  the 
Azimuth  Angle  Gaging  Device;  therefore,  verification 
of  perpendicularity  was  accomplished  by  sample  fastener 
Installation  and  head  gap  Inspected.  The  longitudinal 
axes  of  the  holes  are  normal  (90  )  to  the  skin  outer 
surface  and  acceptable  to  established  Engineering 
criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses. 

F.  Bellmouthlng:  Evident  throughout  this  set  In  varying  amounts  as 

Indicated  per  Item  IlI.A.l.  through  Item  III. A. 3.  The 
holes  of  this  group  exhibit  the  bellmouth/ taper  condition 
at  their  entrance  plane  of  drilling  and  reaming.  Cause 
has  been  related  to  "center-seeking"  resulting  from  hand 
reaming  Instability  and  operator  instability  during  the 
reaming  cycle. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of  holes 

exhibited  a  very  good  interior  wall  texture.  There  was 
only  very  shallow  angle  rifling  when  inspected  by  Sight 
Pipes  at  3X  magnification.  There  were  no  chatter  marks 
nor  vertical  scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  through  stack-up  of  skin 

panel,  shim  and  splice  forging,  was  debarred  satis¬ 
factorily  In  the  normal  process  plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  "100  AA"  or  better.  Optical  surface  comparator 
was  used  in  this  inspection.  Surface  was  smooth  and 
shiny . 


DRILL  METHOD  S-1 


RANKING  NUMBER  62  * 
HOLE  SIZE;  0.250"/0.254" 


I.  OVERVIEW; 


A.  This  set  of  production  holes  features  "one-shot"  drilling  and 
counter-sinking  of  the  Wing  Upper  Surface. 

The  structure  Is  an  assembly  of  aluminum  skin  and  stringers 
whose  thickness  is  approximately  0.31"  In  the  areas  being  sur¬ 
veyed.  The  subject  hole  Is  sized  by  Engineering  at  0.250"/0.254" 
for  Installation  of  NAS1580A»  Flush  Head  High  Shear  Bolts  located 
at  the  second  and  third  stringers  forward  of  the  rear  spar. 

II.  SUMMARY; 


A.  Twenty-nine  C29)  holes  were  surveyed  from  one  (1)  available  assem¬ 
bly  on  the  factory  line.  The  method  of  production  utilized  the 
Spacematlc  air  driven  power  head  for  drilling  and  counter-sinking. 
Spray-mist  coolant  Integrally  coupled  to  the  powerhead  provided 
adequate  cooling  during  the  duty  cycle  of  the  drill,  and  drill 
stalls  were  not  noted  during  the  processing  of  this  series  of 
holes.  Measurement  data  on  the  holes  was  accomplished  via  "thru- 
hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  Is  0.251310" 
for  the  set  of  twenty-nine  (29)  holes.  This  value  Is  an  excellent 
feature  since  It  resides  at  the  low  vicinity  of  the  Engineering 
tolerance  range.  All  of  the  holes  of  this  set  meet  the  criterion 
established  by  Engineering.  Specific  discussion  on  the  geometric 
characteristics  of  all  holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceablt.  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  flxturlng  ensures  Interchangeability  and 
location  reliability  of  the  basic  structure. 

2.  Spacematlc,  air  powered  drill  and  accessory  tooling  producing 
satisfactory  "one-shot"  full  sized  holes  at  assembly. 

3.  Reaming  was  not  a  requirement  for  the  holes  at  this  work  Station. 

4.  Planning  Is  very  good,  providing  adequate  work  Instructions  and 
definition  of  Inspection  requirements.  Plug  "Go"/"No-Go" 
gaging  Is  employed  In  hole  Inspection. 

*  DRILL  METHOD  CODING:  H-1  -  Hand-held  drill,  no  reaming. 

General  Dynamics  std.  hand-held  drill  block,  steering  guide.  No  reaming. 
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III. 


CHARACTERISTICS! 


A.  Hole  Size:  348  data  entries  were  accrued  for  the  series  of 

holes.  The  arithmetical  average  for  the  set  Is  0.251310", 
well  below  the  0.254"  high  limit  per  established  Engineer¬ 
ing  Criterion.  !nils  Is  a  very  good  series  of  holes  on 
size  but  are  characteristically  tapered  and/or  bellmouthed. 
The  most  predominant  geometric  feature  traceable  to  the 
method  of  production  Is  slight  taper  and/or  bellmouth  at 
the  exit  plane  vicinities  of  the  majority  of  the  holes, 
attributable  to  drill  chip  bulld-up.  The  feature  exists 
but  Is  well  within  the  tolerance  per  Engineering  Criterion. 

1.  Range  measurement  values  are  the  predominant  factor 
In  determining  hole  shape  for  this  set.  A  series  of 
measurements  taken  at  twelve  (12)  locations  within 
each  hole  wei  **  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000586" 

16 

0.000610" 

2 

0.001991" 

17 

0.001017" 

3 

0.001767" 

18 

0.000207" 

4 

0.002013" 

19 

0.002095" 

5 

0.001966" 

20 

0.000517" 

6 

0.000569" 

21 

0.000257" 

7 

0.001897" 

22 

0.000983" 

8 

0.001176" 

23 

0.001057" 

9 

0.001209" 

24 

0.000569" 

10 

0.001210" 

25 

0.000819" 

11 

0.000695" 

26 

0.000269" 

12 

0.000422" 

27 

0.000345" 

13 

0.000754" 

28 

0.001000" 

14 

0.001248" 

29 

0.000647" 

15 

0.001003" 

2.  Reference  Item  III.A.l.  and  Individual  Hole  Computer 
Printouts. 

Five  (5)  holes.  Identified  Hole  #12, #18, #21, #26  and 
#27  are  nearly  perfect  specimens.  There  are  no  flaw 
features  evident  In  the  computer  data  nor  apparent 
In  the  physical  holes  via  3X  magnification  by  Sight 
Pipe  Inspection. 

3.  Reference  Individual  Hole  Computer  Printouts. 

All  other  holes  of  this  set  (jltem  III. A. 2  excepted), 
exhibit  the  taper  and/or  bellmouth  characteristic. 

All  of  the  specimens  are  well  within  the  tolerance 
criterion  established  per  Engineering  and  the  feature 
at  worst  case  Is  only  0.002"  In  magnitude  at  Holes 
#2,  #4  and  #19. 
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4,  The  Histograms,  both  Summary  by  Lot  and  Individual, 
reflect  a  utilization  of  nearly  all  of  the  tolerance 
band  owing  to  the  taper  built  into  the  hole  by  chip 
loading.  The  start  of  drilling  yields  the  smallest 
diametrical  records  and  Increase  as  depth  and  chip 
load  Increase. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  ^t  Hole 

#8  and  recorded  at  0.000750"  at  Level  #5  on  the  45-135° 
axes.  Ovality  in  this  hole  results  from  slight 
"center-seeking"  of  the  drill  at  the  start  of  its  duty 
cycle. 

Ovality  was  not  a  cause  for  concern  on  this  set.  Referenc* 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  ovality  measurements.  None  of 
the  holes  of  this  set  exceeded  the  Engineering  Criterion. 

C.  Perpendicularity:  Holes  for  this  set  were  checked  by  gaging  with  lOX 

Azinuth/Angle  Gaging  Device  and  verified  to  be  normal 
(90  )  to  the  longitudinal  axis  of  the  holes. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  Analyses. 

F.  Be llmou thing:  This  characteristic  has  been  addressed  per  narrative 

at  item  III.A,  and  III.A.3.  The  feature  is 

extremely  slight  and  does  not  violate  the  tolerance 
criterion  established  per  Engineering. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of 

holes  exhibited  very  good  interior  sidewall  texture. 

There  was  occasional  shallow  angle  rifling  perceptible 
on  several  holes  when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter  mafks  nor  vertical 
scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed  at  assembly,  were 

satisfactorily  deburred  in  the  normal  process  plan  work 
instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  "100  AA"  or  better.  Optical  Surface  Comparator  was 
used  in  this  inspection.  Surface  was  smooth  and  shiny. 
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DRILL  METHOD  0-1 


RANKING  NUMBER  63  * 
HOLE  SIZE  0.499r70.5006" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  feature  drilling  and 

reaming  of  the  Rear  Spar  Outboard  Fitting.  The  fitting 
Is  aluminum  7075  forging,  approximately  0.281'  machined 
thickness  at  the  tongue  to  be  measured  for  hole  quality. 
The  subject  hole  is  sized  at  0.A991"/0. 5006"  per 
Engineering. 


II.  SUMMARY! 


A. 


Twenty-nine  (29)  holes  were  available  in  this  structure 
for  Inspection.  The  tongue  of  the  forging  to  be  drilled 
and  reamed  was  located  via  custom  fixturing  and  drill 
plate  integral  to  the  fixture.  Hole  measurements  for 
this  set  were  obtained  by  "thru-hole"  air  probe  and 
were  recorded  for  subsequent  computer  printout. 


The  method  for  production  of  the  subject  holes  was  custom 
fixturing  employing  a  "flip-up"  drill  location  plate  and 
Incorporating  adapters  for  Ouackenbush  air-powered  dr  . 
Reaming  was  accomplished  by  hand-held  air  powered  drill 
motor  and  a  piloted  reamer  for  final  reaming  to  size. 

B  These  holes  disclose  a  measurement  distribution  whose 
arithmetical  average  is  0.500894"  for  the  set  of 
twenty-nine  (29)  holes.  This  average 

limit  of  the  Engineering  tolerance  spread  ' 

0.5006’  .  Three  holes,  identified  Hole  #5,  (/li,  #27  ar 
within  the  Engineering  tolerance  and  are  discussed  in 
detail  at  paragraph  III. A.  along  with  the  oversize 
condition  of  these  holes. 


A  DRILL  METHOD  CODING:  Q-1  =  Ouackenbush,  Hand  held  air  powerc 

reamer 

(luackenbush  air  power  drill  w/hand-held  air  feed  drill  for 
reaming. 
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II.  (Continued) 


I 

I? 


C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  these  holes: 


1.  Custom  designed  fixture  ensures  interchangeability 
and  location  reliability. 

2.  Quackenbush  air  powered  drill  used  for  drilling  with 
accessory  drill  plate  integral  to  the  fixture. 

3.  Hand-held  air  powered  drill  motor,  piloted  reamer 
and  slip  fit  reamer  guide  bushing  for  final  reamer 
sizing  of  the  finished  holes. 

4.  Planning  is  adequate  to  ensure  model  and  aerial 
number  traceability  for  assembly  but  is  too  abbre¬ 
viated  to  provide  other  than  "Go"/"No-Go"  gaging 
acceptance  on  holes. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  a.  Reference  "Executive  Summary"  for  this 

set.  348  measurements  were  accrued  for 
this  series  of  holes.  The  Arithmetical 
Average  for  the  set  is  0.500894"  with 
related  cause  defined  in  the  following 
text. 


b.  Two  (2)  holes,  identified  Hole  #5  and 
if  13,  were  within  the  Engineering 
criterion  0.4991"/0.5006".  Hole  #27 
exhibited  only  one  spur  recorded  as 
0.500603",  located  at  its  90°  axis  of 
measurement  and  at  the  entrance  to  the 
hole.  This  spur,  caused  by  slight  chip 
load  variation  is  very  insignlf icaiit 
and  Hole  #27  was  considered  acceptable. 

c.  Hole  #26,  the  largest  of  the  series 
ranged  from  0.501026"  to  0.505871". 
Reference  to  the  Statistical  Printout 
discloses  a  constant  tapering  condition 
from  the  outer  surface  of  the  spar 
(0.501026"),  to  the  far  side  plane  of 
the  fitting  tang  (0.505871"). 
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III.  A.  (Continued) 


d.  Hole  ii^24,  the  second  largest  of  the 
series,  ranged  from  0.502181"/0. 503672". 
Reference  to  the  Statistical  Printout 
discloses  virtually  a  straight  over¬ 
size  condition  between  0.S02"/0.503". 

e.  The  remainder  of  the  holes  disclose 
an  oversize  condition  ranging  from 
0.0001"  to  0.0004"  In  excess  of  the 
Engineering  high  limit  (0.5006"). 

NOTE:  Refer  to  the  "Executive  Summary  Histo¬ 

gram"  and  the  Individual  Hole  Histograms. 
All  records,  including  the  acceptable 
holes  are  consistently  crowding  the  high 
limit  of  the  tolerance  and  beyond.  Areas 
suspect  for  cause  of  the  oversize  are: 

1.  "Rattle  space"  between  the  reamer 
and  reamer  guide  bushing  sidewalls 
caused  by  a  worn  guide  bushing. 

2.  "Rattle  space"  between  the  reamer 
and  reamer  guide  bushing  and  the 
reamer  "seeking"  the  bushing  side¬ 
wall  owing  to  subtle  movement  of 
the  powerhead  by  the  operator  during 
hand  reaming. 

B.  Ovality:  The  greatest  ovality  naturally  occurred 

at  one  of  the  oversize  holes;  namely. 

Hole  #24.  Ovality  generally  Is  good 
with  the  distribution  less  than  0.0005". 
Hole  #23  discloses  least  ovality  as 
0.000043"  and  0.000034". 

C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole 
with  regard  to  the  machined  face  (Inter¬ 
face  surface).  Perpendicularity  was 
verified  to  be  zero  degrees  (0  )  when 
measured  with  the  lOX  magnification 
Azimuth/Angle  Gaging  Device. 
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III.  (Continued) 


Straightness  is  within  Engineering 
design  tolerance  as  indicated  by  the 
profile  analyses. 


D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthlng: 

G.  Hole  Texture: 

H.  Burrs: 

I.  Surface  Finish: 


None  evident  as  indicated  by  the  profile 
analyses. 

None  evident  as  indicated  by  the  profile 
analyses. 

Rifling,  Scratches,  Chatter  marks.  This 
set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes. 

This  set  of  holes,  drilled  and  reamed 
through  a  clevis  arrangement  of  flanges, 
was  debarred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a  sur¬ 
face  finish  of  ''63AA"  or  better. 

Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  S-1 


RANKING  NUMBER  64  * 
HOLE  SIZE:  0.2460'70.2500'' 


I.  OVERVIEW: 


A.  This  set  of  production  holes  features  drilling  of  the  Center  Wing 
Rear  Spar,  Left  and  Right  Hand  Sides.  The  structure  Is  an  all 
aluminum  stack-up  of  web  and  rear  spar  cap  whose  approximate  thick¬ 
ness  Is  0.56"  In  the  area  subject  to  survey  Inspection.  The  subject 
hole  Is  sized  by  Englneerittg  at  0.2460"/0.2500"  for  HlLok  Bolt  in¬ 
stallation. 

II.  SUMMARY; 


A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for  survey 
Inspection.  The  method  of  production  featured  Spacematlc,  single 
step  ("one-shot"  drilling) ,  utllllzing  a  double  margin  drill  and 
freon  coolant.  Reaming  was  not  planned  nor  employed.  Measurement 
data  was  accumulated  at  twenty-eight  (28)  locations  within  each 
hole  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.248714 
for  the  set  of  twenty-nine  (29)  holes.  All  of  the  holes  except ,  one 

(1)  meet  the  criterion  established  by  Engineering.  Specific  discussion 
concerning  the  geometric  characteristics  of  the  holes  are  discussed 
at  paragraph  III  along  with  Hole  #6,  the  only  hole  exhibiting  an 
oversize  condition. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  flxturing  ensures  interchangeability  and  location 
reliability  of  the  basic  structure. 

2.  Spacematlc,  air  powered  drill  and  accessory  tooling  produces 
final  sized  holes  at  aasez^ly  on  a  "one-shot"  operation.  Opera¬ 
tor  handling  of  the  drill  during  Its  duty  cycle  is  apparent 

In  the  completed  holes. 

3.  A  Tool  Set-Up  Station  Is  maintained  In  the  vicinity  of  the  work 
area.  Spacematlc  drills  are  set  up  and  adjusted  by  a  tooling 
specialist  who  performs  a  sample  run  to  ensure  proper  operation 
and  adjustment  on  tooling.  The  dlvldent  of  this  concept  is  good 
production  holes  at  this  facility. 

4.  Planning  Is  very  good,  providing  adequate  wrk  Instructions  and 
definition  of  Inspection  requirements. 

*  DRILL  METHOD  CODING:  S-1  -  Spacematlc,  One-shot,  No  reaming. 

Spacematlc,  air  power  drill  &  accessory  tooling. 
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III.  CHARACTERISTICS; 


A.  Hole  Size;  812  data  measurements  were  accrued  for  the  series  of 

holes.  The  arithmetical  average  for  the  set  0.248714”, 
is  a  very  good  feature  with  regard  to  the  mld-polnt 
range  of  the  Engineering  criterion  at  0.248000".  Only 
one  (1)  hole,  identified  Hole  #6,  eidilblts  a  bellmouth 
condition  at  its  entrance  vicinity  of  the  drill  which 
Is  oversize  to  the  tolerance. 

Reference  to  Computer  Individual  Hole  Printout  discloses 
the  following: 

1.  Hole  H  exhibits  a  smoothly  tapering  slightly  over¬ 
size  bellmouth  condition  to  a  depth  of  0.15"  Into 
the  hole.  The  maximum  oversize  Is  0.000483"  at  the 
entrance  to  the  hole.  It  achieves  an  acceptable 
tolerance  at  Plane  level  #3  and  remains  within 
tolerance  thereafter. 

Operating  handling  of  the  drill  drive  unit  during 
Its  duty  cycle  is  suggested  as  cause  for  the  bell- 
mouthing  characteristic  and  resultant  oversize 
condition.  Several  other  holes,  namely  Hole  #9, 

#12,  #14,  #18,  #22,  #23,  #24  and  #25  disclose  a 
similar  bellmouth  feature  but  remained  within  the 
allowable  tolerance  spread  permitted  by  Engineering 
criterion.  Additional  holes  also  reflect  operator 
side-load  Influence  on  the  drill  during  Its  duty 
cycle  but  to  a  lesser  degree. 

2.  Reference  to  Individual  Computer  Printout  discloses 
a  rather  respectable  overall  measurement  range  from 
the  highest  to  lowest  reading  within  the  twenty- 
eight  (28)  measurements  per  hole.  The  range  of 
measurements  are  as  follows: 


Hole  # 

RanRe 

Hole  # 

Ranse 

1 

0.001293" 

16 

0.001665" 

2 

0.001407" 

17 

0.000651" 

3 

0.001448" 

18 

0.001381" 

4 

0.001435" 

19 

0.001897" 

5 

0.001284" 

20 

0.002879" 

6 

0.002397" 

21 

0.001457" 

7 

0.002043" 

22 

0.002043" 

8 

0.000825" 

23 

0.001905" 

9 

0.002095" 

24 

0.001819" 

10 

0.002129" 

25 

0.001364" 

11 

0.000616" 

26 

0.001828" 

12 

0.001534" 

27 

0,001914" 

13 

0.001233" 

28 

0.002233" 

14 

0.001509" 

29 

0.001910" 

15 

0.001224" 
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Focus  onto  the  ab  ive  measurement  ranges  was 
for  the  purpose  of  drawing  attention  to  the 
fact  that  this  series  of  holes  would  have 
been  better  had  It  not  been  for  the  operator 
Induced  bellmouth  and  side-load  characteristics. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hole 

#28  and  recorded  at  0.001095"  at  Level  #3  on  the  0°  -  90° 
axes.  The  ovality  feature  of  Hole  #28  Is  directly  related 
to  side  loaded  condition  enlaraging  Its  axes  measurements. 

Ovality  Is  not  a  cause  for  concern  on  this  set.  Reference 
to  Individual  Hole  Computer  Printout  discloses  all  holes 
to  be  acceptable  on  the  ovality  measurements.  None  of  the 
holes  of  this  set  exceeded  the  Engineering  Criterion. 

C.  Perpendicularity:  Hole  size  tolerance  criterion  would  not  permit 

inspection  via  the  Angle/Azmuth  Gaging  Device,  therefore 
verification  of  perpendicularity  was  verified  by  sample 
fastener  installation  and  head  gap  inspected.  The  holes 
were  normal  to  the  longitudinal  axis  of  the  holes  and 
acceptable  to  established  Engineering  Criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analvses. 

F.  Bel Imotithlng:  Evident  in  varying  magnitude  as  indicated  by  Holes 

referenced  at  Item  III.A.l.  Various  other  holes  in  this 
set  exhibit  the  same  condition  at  their  entrance  plane 
of  drilling  but  to  a  much  smaller  value. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of  holes 

exhibited  acceptable  interior  wall  texture.  There  was 
evidence  of  rifling  at  a  shallow  angle  of  approximately 
20°.  Inspection  was  performed  by  Sight  Pipes  at  3X 
magnification.  There  were  not  vertical  scoring  marks 
inside  the  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  through  a  laminated  stack 

and  was  deburred  satisfactorily  in  the  normal  process 
plan  work  instructions. 

I.  Surface  Finish:  Generally,  the  holes  of  this  set  exhibited  a  sur¬ 

face  finish  of  "125  AA".  Optical  surface  comparator  was 
used  in  this  inspection.  Surfaces  were  occasionally 
marred  by  "galling"  due  most  probably  to  drill  heat  up 
owing  to  lack  of  coolant. 
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DRILL  METHOD  H-1 


RANKING  NUMBER  65  * 
HOLE  SIZE  O.185'70.188" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  double  margin 
piloted  tip  drilling  of  the  Skin  to  Header  Tees.  The 
structure  Is  an  all  aluminum  stack  of  three  (3)  laminates 
of  structure  Incorporating  a  gray  colored  "rubbery" 
textured  sealant  material  between  faying  surfaces  at  all 
layup  Interfaces.  The  subject  hole  Is  sized  by  Engin¬ 
eering  at  0. 185"/0. 188"  for  Hl-Lok  Fastener  Installations. 

Hole  survey  measurements  were  obtained  using  a  Dlatest 
Split-Ball  Gage  that  Incorporates  an  Alina  linear  dis¬ 
placement  measurement  transducer  and  Is  coupled  to  an 
Automated  Computer  System  for  data  storage  and  recovery. 

II.  SUMMARY; 

A.  Twenty-nine  (29)  holes  were  available  In  this  structure 
for  Inspection.  The  method  of  production  Incorporated 
pre-drllled  fuselage  skins  for  basic  hole  locations.  A 
hand-held  drill  block  was  used  as  the  "steering  guide" 
for  drilling  of  holes  to  final  size  requirement.  A 
hand-held,  air  powered,  drill  motor  driving  a  double¬ 
margin  piloted  tip  drill  was  employed  to  obtain  a  "one- 
shot"  final  sized  fastener  hole.  A  piloted  tip  counter¬ 
sink  (standard  tooling  DJ570),  with  micro-stop  control 
was  used  for  fastener  countersink  angle  and  depth  control. 
Reaming  was  not  required,  nor  planned.  In  order  to 
achieve  final  hole  size  Integrity  and  finish  texture. 

B.  Reference  to  the  "Executive  Summary  by  Data  Lot"  reveals 
the  arithmetical  average  for  hole  size  to  be  0.186008", 

a  desirable  feature  since  the  low  and  high  limit  criterion 
Is  0. 185"/0.188"  respectively  as  established  per  Engin¬ 
eering.  Hole  #12  reveals  an  out  of  tolerance  measurement 

*  DRILL  METHOD  CODING:  H-1  -  Hand-held  Drill,  No  reaming. 

Hand-held,  air  powered  drill  &  accessories.  No  reaming. 
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Page  2 


II.  B.  (Continued) 

at  0.188388".  This  hole  along  with  other  specific 
characteristics  relating  to  these  holes  are  discussed 
In  detail  at  paragraph  III. 

C.  The  computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for 
the  production  of  good  holes: 

1.  Custom  designed  major  flxturlng  ensures  structure 
alignment  and  positioning  reliability. 

2.  Hand-held,  air  powered  drill  method  and  accessories 
are  adequate  to  the  production  of  good  quality  holes. 
Reaming  not  a  requirement. 

3.  Hand-held  drill  block  Incorporating  drill  guide 
bushings  Is  adequate  to  ensure  hole  alignment.  A 
double  margin  piloted  tip  drill  was  used  for  "one- 
shot"  drilling  operation  to  hole  final  sizing. 

A.  Planning  Is  adequate  to  direct  manufacturing  and 

Inspection  operational  requirements.  Close  tolerance 
holes  are  Inspected  by  sampling  per  planning  direc¬ 
tion. 

5.  Morale  among  production  personnel  Is  high.  The 

attributes  of  pride  and  craftsmanship  are  evident  In 
the  quality  of  work  produced. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  a.  Reference  "Executive  Summary  by  Data 

Lot".  464  measurements  were  accrued 
for  this  series  of  twenty-nine  (29) 
holes.  The  arithmetical  average  for 
the  set  Is  0.186008". 

b.  Hole  #12:  Reference  Individual  Hole 
Profile  Printout.  This  hole  exhibits 
an  oversize  condition  at  the  entrance 
plane  of  the  drill  to  hole  which 
disappears  entirely  as  depth  In  the 
hole  Is  acquired  and  rigidity  Is 
achieved.  The  phenomenon  Is  sug¬ 
gestive  of  operator  Instability  since 
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B.  Ovality! 


c.  Hole  if  19 1  This  hole  discloses  one  oversize  spur 
deep  In  the  hole  at  Its  135°  axis  on  level  3. 

The  dimension,  0.188345"  Is  0.000345"  oversize, 
and  Is  the  result  of  negligible  "chip  sdarrlng". 

It  Is  extremely  shallow  In  depth,  less  than  one 
(1)  ninety  degree  (90°)  quadrant  in  length  and 
Is  of  very  shallow  angle  Tlth  regard  to  the 
vertical  centerline  of  the  hole.  One  additional 
measurement,  0.188060",  which  occurs  at  the  entrance 
plane  of  the  hole,  was  alos  eliminated  via  analysis 
as  negligible  affect  on  the  degradation  of  hole 
quality. 

d.  Holes  y/15,  21,  25,  26  and  //29  all  disclose  one  (1) 
or  several  dimensions  within  their  series  to  be 
undersize.  All  of  these  dimensions  were  dis¬ 
counted  via  analyses  and  physical  on  site  visual 
Inspection  at  IPX  magnification.  The  undersize 
readlns  were  the  result  of  the  split-ball  probe 
riding  onto  the  sealant  material  that  had  seeped 
out  of  the  faying  surfaces  and  onto  the  hole 
sidewalls.  Visual  Inspection  confirmed  the 
smeared  sealant  inside  of  the  holes.  Ordinary 
swabbing  would  not  remove  the  substance.  Fastener 
Installation  sheared  off  the  substance  with  no  hole 
degradation. 

e.  Holes  /‘3,  9  and  #11  offer  evidence  of  operator  side¬ 
load  affect  enlarging  the  vicinity  of  the  exit  plane 
of  several  holes  as  defined  in  Item  "b"  above.  The 
all  dimensions  are  within  the  tolerance  bounds 
established  by  Engineering. 

f.  The  "Executive  Summary  Histogram"  for  these  holes 
disclose  full  utilization  of  the  entire  tolerance 
spread.  The  out  of  tolerance  conditions  are 
explained  In  Items  b,  c,  and  d  above.  The  tendency 
toward  the  high  limit  of  the  tolerance  Is  brought 
about  by  the  "bellmouth"  or  "taper"  exhibited  by 
the  examples  desclrbed  in  Items  b  and  e  above 
while  the  low  limit  band  of  the  tolerance  Is 
representative  of  the  basic  hole. 

a.  The  greatest  ovality  of  the  set  occurred  at  Hole 
#15,  level  #3  and  was  recorded  at  0.003707".  This 
hole  Is  disqualified  since  the  cause  of  the  ovality 
Is  sealant  impingement  onto  the  hole  sidewall.  The 
0.181888"  dimension  at  the  0°  axis  resulted  in  the 
extreme  ovality  disclosure:  likewise,  the  0.182681" 
dimension  at  the  45  axis  precipitates  the  0.002888" 
figure  reported  on  the  Individual  Hole  Printout  for 
ovality  at  the  45°-135°  axes. 
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C.  Perpendicularity: 

D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthing: 

G.  Hole  Texture: 

H.  Burrs: 

I.  Surface  Finish: 


Discounting  the  affect  of  the  sealant •  the  ovality 
values  for  Hole  #15  are  0.000628"  at  level  #1  on 
the  0°-90°  axes  and  0.000482"  at  level  #1  on  the 
45°-135°  axes. 

Ovality  throughout  this  set  of  holes  was  affected 
by  the  side  loads  induced  by  the  drill  operator. 

The  condition  Is  insignificant  since  the  entire  set 
of  holes  meet  the  Engineering  tolerance  and  range 
generally  less  than  0.0006".  Several  holes  lay  in 
the  vicinity  of  0.001"  on  ovality  which  is  well 
within  the  Engineering  tolerance  allowable. 

The  holes  of  this  set  were  by  design  too  small  to 
accept  the  Angle/Azimuth  Gaging  Device  plug  to 
determine  perpendicularity  via  this  means.  Hl-Lok 
fasteners  were  installed  in  several  holes  and  head 
gap  was  inspected  for  perpendicularity  of  the  hole. 
In  addition,  the  concentricity  of  the  countersink 
to  the  hole  shank  was  visually  checked  at  3X 
magnification.  The  holes  were  perpendicular  to  the 
skin  contour. 

Straightness  is  within  Engineering  design  tolerance 
as  indicated  by  the  profile  analyses. 

None  evident  as  indicated  by  the  profile  analyses. 

Generally  evident  as  indicated  by  profile  analyses. 
This  characteristic  was  precipitated  as  a  result 
of  hand  tooling  and  operator  instability.  Reference 
Item  III.  A.  for  details. 

Rifling,  Scratches,  Chatter  marks.  This  set  of 
holes  exhibited  a  very  good  interior  wall  texture. 
There  was  only  an  occasional  very  shallow  angle 
rifling  when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter  marks  nor 
vertical  scoring  in  these  holes. 

This  set  of  holes,  drilled  through  a  stacked 
arrangement  of  skin  and  "Tee"  headers  was  deburred 
satisfactorily  in  the  normal  process  plan  work 
instructions. 

All  holes  of  this  set  exhibited  a  surface  finish 
of  "63  AA".  Optical  Surface  Comparator  was  used 
in  this  inspection.  Surface  was  smooth  and  shiny 
except  in  the  areas  where  the  gray  sealant  impinged 
onto  the  hole  sidewalls. 
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DRILL  METHOD  Q1 
RANKING  NUMBER  66  * 
HOLE  SIZE  0.249'70.254" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  feature  drilling  and 
reaming  of  the  Forward  Spar.  The  structure  Is  an 
aluminum  forging  whose  thickness  Is  0.625"  In  the 
vicinity  of  drllllng/reamlng  and  the  subject  hole 
Is  sized  by  Engineering  at  0.249"/0.254". 

II.  SUMMARY! 

A.  Twenty-nine  (29)  holes  were  available  In  this  structure 
for  Inspection.  The  method  of  production  employed 
custom  flxturlng  to  assure  hole  location.  Holes  were 
drilling  by  Quackenbush  alrpowered  drill  with  automatic 
feed  but  non-automatic  retract.  Drilling  was  followed 
by  hand-held  air  feed  drill  motor  powering  a  piloted 
reamer  to  obtain  final  hole  sizing.  Inspection  measure¬ 
ments  were  obtained  by  "thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose 
arithmetical  average  Is  0.252733"  for  the  set  of  twenty- 
nine  (29)  holes.  This  average  tends  toward  the  high 
limit  of  the  Engineering  tolerance  spread  of  0.249"/ 
0.254".  Four  holes.  Identified  Hole  #4,  #9,  ifl7  and 
//22  exceeded  the  Engineering  tolerance  and  are  discussed 
In  detail  at  paragraph  III. A. 

C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  good  holes: 

1.  Custom  designed  fixture  ensures  Interchangeability 
and  location  reliability. 

2.  Quackenbush  drill  method  and  accessories  producing 
good  holes . 

*  DRILL  METHOD  CODING:  S-1  *  Spacematlc,  One  shot,  no  reaming. 

Spacematlc  drilling.  No  reaming. 
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3. 


4. 


Hand  held  air  powered  drill  motor  utilizing  a  piloted 
reamer  and  parts  restrained  by  the  assembly  fixture 
produces  acceptable  final  sizing  of  the  hole. 


Planning  is  adequate  to  ensure  model  and  serial  number 
traceability  for  assembly  but  is  too  abbreviated  to 
provide  other  than  "Go" /"No-Go"  gaging  acceptance  on 

holes . 


III.  CHARACTERISTICS; 
A.  Hole  Size: 


All  holes  except  Holes  #4,  #9,  #17  and 
#22  were  within  the  allowable  Engineering 
criterion  of  0. 249"/0. 254" .  Holes 
individually  were  good  on  size  with  the 
average  of  all  928  recordings  being 
0.252733." 

Refer  to  the  "Executive  Summary  Printout." 
The  Histogram  reveals  a  Flat,  Wide 
Gauslan  Distribution  fairly  evenly  dis¬ 
played  on  peaks.  Areas  suspect  for 
cause  of  the  wide  distribution  are: 

1.  "Rattle  space"  between  the  reamer 
and  reamer  guide  bushing  sidewalls 
caused  by  a  worn  guide  bushing. 

2.  "Rattle  space"  between  the  reame’ 
and  reamer  guide  bushing  caused  by 
a  reamer  sized  toward  the  mid 
range  of  the  tolerance  and  "seek¬ 
ing"  the  bushing  sidewall  owing  to 
subtle  movement  of  the  powerhead 

by  the  operator  during  hand  reaming. 

3.  Uneven  chip  load  during  the  hand 
reaming  operation  caused  by  slight 
wobble  of  the  powerhead. 


Condition  #2  above  appears  the  most 
logical  cause  for  this  set  of  holes 
disclosing  a  trend  toward  the  high  limit 
of  the  tolerance: 
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A.  The  holes  are  predominantly  sized 
between  the  0. 252"/0.253"  range. 

B.  The  ovality  of  the  holes  Is  consis¬ 
tently  in  the  range  of  "Tenths  of 
Thousandths"  indicating  control  of 
"whip"  and  little  operator  side 
loads . 

C.  The  out  of  tolerance  holes  #4,  //17 
and  #22  disclose  a  characteristic 
indicating  side  loads  caused  the 
problem,  i.e.,  #4  side  loads  pre¬ 
dominantly  at  0  to  45°  axes;  #17 

at  the  90°  axis,  and  #24  at  the  135° 
axis. 

Hole  #9  evidences  the  greatest  side 
loads  at  the  0  -45  axes  but  addi¬ 
tional  wavering  causing  continuation 
of  oversizing  to  the  remaining  90° 
and  135  axes. 

B.  Ovality:  The  greatest  ovality  naturally  occurred 

at  one  of  the  oversize  holes;  namely. 
Hole  #4.  Ovality  generally  is  good  with 
the  distribution  less  than  0.001".  Hole 
#20  discloses  least  ovality  as  0.000397" 
and  0.000483"  at  levels  8  and  2  respec¬ 
tively.  The  spurs  in  the  profile  for 
Hole  #20  are  indicative  of  irregular 
chip  load  during  drilling/reaming. 

C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole  with 
regard  to  the  machined  face  (interface 
surface).  Perpendicularity  was  verified 
to  be  zero  degrees  (0°)  when  measured 
with  the  lOX  magnification  Azimuth/Angle 
Gaging  Device. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by  the 
profile  analyses. 

E.  Barrelling:  None  evident  as  indicated  by  the  profile 

analyses. 
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F.  Bellmouthlng: 

G.  Hole  Texture: 


H.  Burrs: 


I.  Surface  Finish: 


i 


Evident  as  Indicated  by  the  profile 
anal yses. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes . 

This  set  of  holes  was  drilled  and  reamed 
through  one  solid  flange  and  was  deburred 
satisfactorily  in  the  normal  process  plan 
work  Instructions. 

All  holes  of  this  set  exhibited  a  sur¬ 
face  finish  of  "100  AA"  or  better. 

Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth  and 
shiny . 
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DRILL  METHOD  S-1 


RANKING  NUMBER  67  * 
HOLE  SIZE  O.185"/0.188" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  features  air  powered  Spacematic 
drilling  of  the  Skin  to  Intercostal  Side  Pai  -  The  structure 
is  an  all  aluminum  stack  of  three  (3)  laminates  of  structure 
approximately  .300"  thick.  The  subject  hole  is  sized  by 
Engineering  at  0.185*70.188"  for  Hi-Lok  Fastener  installations. 

Hole  survey  measurements  were  obtained  using  a  Dlatest  Split- 
Ball  Gage  that  Incorporates  an  Alina  linear  displacement 
measurement  transducer  and  is  coupled  to  an  Automated  Computer 
System  for  data  storage  and  recovery. 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
Inspection.  The  method  of  production  incorporated  Spacematic 
drilling  for  the  basic  hole  locations.  Reaming  was  not  required, 
nor  planned,  in  order  to  achieve  final  hole  size  integrity  and 
finish  texture. 

B.  Reference  to  the  "Executive  Summary  by  Data  Lot"  reveals  the 
arithmetical  average  for  hole  size  to  be  0.186467",  a 
desirable  feature  since  the  low  and  high  limit  criterion  is 
0.185"/0.188"  respectively  as  established  per  Engineering. 

One  (1)  hole  identified  Hole  #6  reveals  out  of  tolerance 
measurements.  This  hole  along  with  other  specific  character¬ 
istics  relating  to  these  holes  are  discussed  in  detail  at 
paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the 
production  of  good  holes: 

1.  Custom  designed  major  fixturing  ensures  structure  alignment 
and  positioning  reliability. 

2.  Spacematic,  air  powered  drill  method  and  accessories  are 
adequate  to  the  production  of  good  quality  holes.  Reaming 
not  a  requirement. 

3.  Planning  is  adequate  to  direct  manufacturing  and  Inspection 
operational  requirements. 

4.  Morale  among  production  personnel  is  high.  The  attributes 
of  pride  and  craftsmanship  are  evident  in  the  quality  of 
work  produced. 

DRILL  METHOD  CODING:  S-1  -  Spacematic,  One  shot,  no  reaming. 

Spacematic  drilling.  No  reaming. 
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III.  CHARACTERISTICS ; 


A.  Hole  Size:  a.  Reference  "Executive  Summary  by  Data  Lot". 

232  measurements  were  accrued  for  this  series 
of  twenty-nine  (29)  holes.  The  arithmetical 
average  for  the  set  is  0.186467"  and  hole 
finish  at  "100  AA"  is  excellent. 


b.  Hole  y>6  exhibited  two  (2)  spikes  of  oversize 
measurements  at  0.188931"  and  0.188914"  re¬ 
spectively  on  its  0°  and  45'^  measurement  axes. 

Chip  loading  (clogging)  is  suggested  as  cause 
for  the  oversize  results  of  drilling.  Die 
oversize,  limited  to  the  vicinity  of  the  exit 
plane  of  the  hole,  no  doubt  is  a  result  of 
drilling  completion  and  breakout  occurring 
shortly  beyond  the  second  plane  of  measurements. 

c.  Fourteen  (14)  holes,  identified  #4,  #6,  #7,  #8, 
#12,  #16,  #17,  #18,  #19,  #21,  #23,  #24,  #26  and 
#27  disclose  a  trend  whereupon  the  exit  plane 

of  measurements  exceed  the  start  plane  of  measure¬ 
ments.  Chip  loading  as  stated  in  "b"  above  is 
suggested  as  cause  for  this  enlargement  condition 
in  the  holes.  Relative  thinness  of  the  cross- 
sectional  thickness  of  the  material  stack-up 
precluded  hole  size  growth  to  the  point  of 
exceeding  the  Engineering  tolerance  criterion. 

All  holes  of  this  set  remained  within  tolerance 
zone. 


d.  The  "Executive  Sumnary  Histogram"  for  this  set 
discloses  full  utilization  of  the  entire 
tolerance  spread.  Die  out  of  tolerance  con¬ 
ditions  explained  in  item  "b"  and  the  tendency 
toward  the  high  limit  of  the  tolerance  per 
item  "c"  are  contributing  conditions  driving 
the  Histogram  over  its  full  value  spread.  A 
second  look  at  the  drilling  technique  is 
suggestive  by  the  trend  data. 

B.  Ovality:  a.  Hole  #6  yields  the  greatest  ovality  of  this  set 

at  0.002621"  for  its  0®  -  90  axes  and  at 
Level  #2.  Die  cause  for  the  0.002621"  readout 
is  obvious  resulting  from  the  out  of  tolerance 
condition  of  the  hole.  Die  remainder  of  the 
holes  offered  no  cause  for  concern.  All 
holes  remainded  within  the  confines  of  Engineer¬ 
ing  tolerance  limits. 


C.  Perpendicularity:  Die  holes  of  this  set  were  by  design  too 

small  to  accept  the  Angle/Azimuth  Gaging  Device 
plug  to  determine  perpendicularity  via  this 
means.  Fasteners  were  installed  in  several 
holes  and  head  gap  was  Inspected  for  perpen¬ 
dicularity  of  the  hole.  In  addition,  the 
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D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthing: 

G.  Hole  Texture: 

H.  Burrs; 

I.  Surface  Finish: 


concentricity  of  the  countersink  to  the  hole 
shank  was  visually  checked  at  3X  magnification. 

The  holes  were  perpendicular  to  the  skin  contour. 

Straightness  is  within  Engineering  design 
tolerance  as  indicated  by  the  profile  analyses. 

None  evident  as  indicated  by  the  profile  analyses. 

Generally  evident  as  indicated  by  profile  analy¬ 
ses.  This  characteristic  was  precipitated  as  a 
result  of  chip  loading  as  drilling  approached 
the  exit  plane.  Reference  Item  III. A.  for 
details. 

Rifling,  Scratches,  Chatter  marks.  This  set 
of  holes  exhibited  a  very  good  interior  wall 
texture.  There  was  only  an  occasional  very 
shallow  angle  rifling  when  inspected  by  Sight 
Pipes  at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  in  these 
holes. 

This  set  of  holes,  drilled  through  a  stacked 
arrangement  skin,  doubler  and  intercostal 
member  was  debarred  satisfactorily  in  the 
normal  process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a  surface 
finish  of  "100  AA".  Optical  Surface  Comparator 
was  used  in  this  inspection.  Surface  was 
smooth  and  shiny  except  in  the  areas  where 
the  gray  sealant  impinged  onto  the  hole  side- 
walls. 


442 


DRILL  METHOD  0-2 


RANKING  NUMBER  68* 
HOLE  SIZE  0.5000"/0.5030" 


I .  OVERVIEW: 

A.  This  set  of  production  holes  feature  drilling  and 

reaming  of  the  Rudder  Attach  Fitting.  The  structure 
is  titanium.  The  flange  to  be  drilled  and  reamed 
are  tapered  by  design  with  regard  to  the  holes. 

Heavy  fixturing  provides  interchangeability  on  align¬ 
ment  and  drill/reaming  angle.  Hole  longitudinal 
axis  is  perpendicular  to  tlie  aircraft  vertical  centei — 
line.  The  flanges  vary  from  approximately  0.375" 
to  0.500"  thick  at  the  locations  for  tlie  holes. 

The  hole  being  inspected  is  sized  at  0. 5000'70. 5030" 
by  Engineering. 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  inspected  in  this  set. 
Although  this  structure  was  titanium,  it  was  avail¬ 
able  on  the  production  line  oai  a  non-interference 
basis;  therefore,  inspection  was  performed  by  "thru- 
hole  air  probe"  to  broaden  our  base  of  knowledge  on 
production  drilling/reaming. 


The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  a  dimensional  and  statistical  com¬ 
posite  traceable  to  the  following  for  tlie  production 
of  good  holes: 


i.  Good  fixture  design  for  interface  control/lnter- 
cliangeabllity  reliability  and  Ouackenbush  drill 
adaptation. 

*DRILL  METHOD  CODING:  ()-2  =  Ouackenbush,  Air  Power  Reamer, 

Mechanlca 1 

Rockwell  air  drive  motor  for  drilling  &  Quackenbush  air  drive 
for  reaming. 
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2.  Rockwell  air  drive  motor  for  drilling  and  Ouacken- 
bush  air  drive  motor  for  reaming  and  accessories 
producing  good  holes. 

3.  Planning  is  excellent  for  inspection  traceability 
on  holes.  Also,  planning  specifies  "certified 
mechanic  required  for  the  drilling  and  reaming 

of  these  holes". 

4.  "Drill  Kit  &  Pre-Set  Orders  (DKPO)  identified 

in  the  planning  provides  the  technician  perform¬ 
ing  the  drill/reaming  task  with  a  freshly  in¬ 
spected,  cleaned,  controlled  set  of  new  or  re- 
furblshed  tools  (drill  motor,  drills  reamers, 
bushings,  etc.)  to  accomplish  a  specific  task 
on  a  one  time  use  only  basis. 

5.  Morale  among  production  personnel  is  high.  The 
attributes  of  pride  and  craftsmanship  are  evident 
in  the  quality  of  work  produced, 

B.  A  unique  situation  existed  on  this  set  of  holes  as 

follows : 

1.  The  material  was  a  heavy  titanium  fitting  of 
multiple  vertical  tangs. 

2.  The  operation  was  line  drilling  and  reaming 
through  these  multiple  tangs. 

3.  The  face  of  the  tang  on  the  outboard  sides 
(entry  face  for  the  drill  and  reamer)  was 
canted  with  regard  to  the  drill/reamer  longi¬ 
tudinal  axis. 

4.  Holes  were  line  drilled  with  a  Rockwell  air  feed 
drill,  plug  gaged  for  size,  then  line  reamed 
with  a  Quackenbush  air  feed  motor  to  final  size. 

III.  CHARACTERISTICS; 


A,  Hole  Size:  Eight  (8)  holes  of  this  set  of  twenty- 
nine  (29)  slightly  exceeded  the  Engin¬ 
eering  tolerance  of  0.5000"/0.5030". 

The  conditions  existing  on  the  oversize 
holes  were  as  follows: 
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Hole  //4:  Generally  this  hole  ranged  from 
0.0003"  to  0.0004"  oversize  in 
diameter.  The  roundness  of 
the  hole  was  good  and  no  other 
flaws  were  detectable. 

Holes  //lO,  //ll,  //12,  #17  and  #19  were 
all  only  0.0001"  over  the 
Engineering  criterion  of  0.5030". 
The  cause  of  the  slight  over¬ 
size  condition  is  suspected  to 
be  chip  load  and  taper  (per 
design)  in  the  fitting  flange. 

The  oversize  condition  shows 
up  in  the  center  of  the  flange 
thickness  and  at  the  exit  side 
of  the  drill/ream  operation  on 
the  flange. 

NOTE:  At  hole  #17  one  dimension  at  the 

entry  side  of  the  flange  read 
0.499017".  This  dimension  is 
in  error  caused  by  particle 
blockage  of  the  air  probe  used 
by  the  Survey  Team.  Discount¬ 
ing  this  measurement  the  Range 
of  measurements  for  Hole  #17 
is  0.000422"  in  lieu  of 
0.004086". 


Hole  #24  shows  an  oversize  condition 

recorded  as  0.503190'70. 503543". 
The  oversize  is  at  the  last 
plane  of  four  measurements  and 
the  exit  side  of  the  drill/reamer 
onto  a  tapered  surface.  Break¬ 
out  loads  probably  are  the 
cause  of  this  slight  anomaly. 

Hole  #28  exhibits  a  similar  condition 

except  that  the  oversize  exists 
at  the  entry  side  of  the  fitting 
flange  with  regard  to  drill/ 
reamer.  Since  only  one  measure¬ 
ment  (0.503483")  out  of  twelve 


exhibits  the  0.0004"  OS,  it  is 
suggested  to  be  a  start  "grab" 
into  the  tapered  flange  face. 

B.  Ovality:  Discounting  Hole  #17  on  ovality  owing  to 

the  measurement  error  stated  in  (III. A), 
Hole  #24  exhibits  the  greatest  ovality 
as  0.003310"  at  the  0°  -  90°  axes  at 
Level  #3.  All  holes  were  acceptable  on 
ovality  measurements. 

The  cause  of  ovality  in  this  set  of  holes 
generally  is  attributable  to  engagement 
or  breakout  of  the  drill/reamer  on  a 
tapered  face  and  some  chip  load  where  it 
occurs  in  the  center  of  the  flange  thick¬ 
ness. 

C.  Perpendicularity:  Hardware  design  presents  canted 

outer  faces  not  normal  to  the  drill/ 
reamer  longitudinal  axis.  The  holes  by 
design  and  fixture  control  are  normal 
(90  )  to  the  Vertical  Axis  of  the  aircraft. 
Perpendicularity  is  guaranteed  by  tooling, 
line  reaming  and  next  assembly  interface 
pin-up. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by  the  pro¬ 
file  analyses. 

E.  Barrelling:  None  evident  as  indicated  by  the  profile 

analyses. 

F.  Bellmouthing:  None  evident  as  indicated  by  the  pro¬ 

file  analyses. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  parts  exhibited  a  very  good 
interior  texture.  There  were  slight 
brlnneli  indications  on  one  fitting 
caused  by  sling  pins  used  to  hoist  the 
assembly  for  movement.  The  affected 
holes  were  not  oversized  to  the  Engineer¬ 
ing  tolerance.  There  were  no  chatter 
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marks  nor  vertical  scoring  in  this  set 
of  holes. 


H.  Burrs: 


I.  Surface 


This  set  of  holes  were  line  drilled  and 
reamed  through  the  fitting  flanges. 
Deburring  was  satisfactorily  accomplished 
in  the  normal  process  plan  work  instruc¬ 
tions. 

Finish:  All  holes  of  this  set  exhibited  a  sur 
face  finish  of  approximately  'hSAA". 
Optical  Surface  Compator  and  Sight  Pipes 
were  used  in  this  inspection.  Surface 
was  smooth  and  shiny  except  for  the 
brinnelling  ("100  AA")  as  noted  in  III.G. 
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DRILL  METHOD  H-2 


RANKING  NUMBER  69  * 
HOLE  SIZE  0.250"/0.253" 


I.  OVERVIEW; 


A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  the  Drag  Angle  for  the  Vertical  Stabilizer.  The  struc¬ 
ture  Is  aluminum  skin  (0.180"  thick)  and  a  titanium  drag 
angle  (0.200"  thick).  The  hole  being  Inspected  Is  sized 
at  0.250"/0.253"  by  Engineering. 

II.  SUMMARY: 


A.  Owing  to  limited  accessibility,  this  set  of  holes  were 
measured  from  Inside  the  tall  structure,  starting  at  the 
skin  Inside  moldllne  and  proceeding  outboard  through  the 
titanium  drag  angle  which  nests  onto  the  skin  outside 
moldllne.  "Thru-hole"  air  probe  measurements  therefore 
were  taken  opposite  to  the  direction  of  drilling  and  ream¬ 
ing  of  the  holes.  The  hole  measurements  and  profile  read¬ 
outs  on  the  computer  tape  printout  are  as  follows: 

1.  The  first  plane  of  measurements/prof lie  Is  equivalent 
to  the  drill/reamer  exit  plane  In  the  aluminum  skin. 

2.  The  last  plane  of  measurements/prof  lie  Is  the  start 
point  and/or  entrance  of  the  drill/reamer  Into  the 
titanium  drag  angle. 

B.  Three  (3)  holes  of  this  set  exceed  the  Engineering 
tolerance  limits  of  0.250"/0.253".  These  holes,  numbered 
//4,  //12  and  //20  are  discussed  In  detail  at  paragraph  III. A. 

C.  The  computer  data  Statistical  Printout  for  this  series  of 
holes  provides  a  composite  traceable  to  the  following  for 
the  production  of  good  holes: 

1.  Custom  flxturlng  was  not  required  to  locate  the  holes. 

2.  Hand  held  drlll/reamlng  method  and  accessories  were 
adequate  to  produce  a  good  set  of  holes. 

3.  Planning  Is  excellent  for  Inspection  traceability 
on  holes. 

4.  Good  tooling  on  a  planned  periodic  refurbish  program, 
coupled  with  the  mandatory  requirement  for  technician 
to  draw  new  and/or  currently  refurblshed/relnspected 
drills  and  reamers  from  production  tool  cribs  for 
use  on  the  job  Is  evident  In  product  quality. 

*  DRILL  METHOD  CODING:  H-2  -  Hand-held  Drill  and  Ream. 

Hand-held  drlll/reamlng  and  accessories. 
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5.  Morale  among  production  personnel  is  high.  The  attributes 
of  pride  and  craftsmanship  are  evident  In  the  quality  of 
work  produced. 

III.  CHARACTERISTICS! 


A.  Hole  Size:  All  holes  except  Hole  #4,  #12  and  #20,  were  within  the 

allowable  Engineering  criterion  of  0.250"/0.253*'.  Holes 
are  individually  excellent  on  size.  Measurements  taken  at 
12  to  16  locations  within  each  hole  yield  an  average  value 
of  0.251195." 

Hole  #4  and  #12  exhibit  an  oversize  condition  at  the  exit 
pintle*  of  the  aluminum  skin  and  at  the  entrance  plane  of 
the  titanium  drag  angle.  Breakthrou^  wobble  coupled  with 
manually  held  guide  tooling  is  the  most  logical  cause 
for  this  phenomenom.  Drill  cutting  action  is  the  greatest 
at  the  extremes  when  considering  the  center  portion  of  the 
total  thickness  as  the  pivot  point. 

Hole  #4  recorded  0.254052"/0. 253716"  at  Level  #1  and 
0.253362"/0. 253129"  at  Level  #4. 

Hole  #12  recorded  0.255241'70. 254802"  at  Level  #1  and 
0.256897"/0. 256741"  at  Level  #4. 

Hole  #20  discloses  only  one  (1)  diametrical  measurement 
out  of  tolerance  (0.254112").  This  phenomenon  is  most 
probably  chip  load  at  the  breakout  point  causing  the  one 
spur  reading.  This  hole  is  not  significant  enou^  to  be 
considered  an  out  of  tolerance  hole. 

The  trend  in  measurements  is  indicative  of  tooling 
producing  ideal  holes  since  the  yield  of  all  measure¬ 
ments  provides  an  average  size  of  0.251195",  tending 
toward  the  midpoint  of  the  tolerance  spread. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set  was  0.003310" 

at  Hole  #20.  Individual  holes  within  this  set  (12  to 
16  measurements  per  hole)  ranged  to  as  low  as  0.000043" 
at  Hole  #24. 

The  cause  for  the  slight  ovality  within  this  set  of 
holes  is  considered  the  result  of  instability  on  the 
hand  held  bushing  guide  for  reaming.  Ovality  is  pre¬ 
dominately  at  the  start  (entrance)  to  the  hole  at  the 
titanium  drag  angle  and  Is  very  slight.  Ref.  Computer 
Printout,  the  last  measurement  plane  in  the  data  printout 
Is  the  titanium  drag  angle  (drill  start  plane) . 

C.  Perpendicularity:  All  holes  within  this  set  were  normal  to  the  long¬ 

itudinal  axis  of  the  hole.  Perpendicularity  was  verified 
to  be  zero  degrees  (0**)  when  measured  with  the  lOX 
magnification  Azimuth/Angle  Gaging  Device. 
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D.  Straightness:  Straightness  Is  within  Engineering  design  tolerance 

as  Indicated  by  the  profile  analyses. 

E.  Barrelling:  None  evident  as  Indicated  by  the  profile  analyses. 

F.  Bellmouthlng:  Very  slight  as  Indicated  by  the  profile  analyses. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of  hol«;s 

exhibited  a  very  good  Interior  wall  texture  when  Inspected 
by  Sight  Pipes  at  3X  magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  In  these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  and  reamed  by  hand  method 

and  was  debarred  satisfactorily  in  the  normal  process 
plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  "63  AA"  or  better.  Optical  Surface  Comparator  was 
used  In  this  inspection.  Surface  was  smooth  and  shiny. 
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DRILL  METHOD  Q-2 


RANKING  NUMBER  70* 
HOLE  SIZE  0.500"/0.505" 


I.  OVERVIEW! 

A.  This  set  of  production  holes  features  drilling  and 
reaming  of  an  Engine  Air  Duct  Assembly . 

The  hardware  varies  from  approximately  0.50"  to  0.75" 
thick  in  the  area  of  the  holes  and  the  subject  holes 
are  sized  by  Engineering  at  0.500"/0.505"  for  install¬ 
ation  of  MS21297-08  High  Shear  Steel  Bolts. 

B.  The  structure  being  surveyed  is  a  series  of  heavy 
machined  aluminum  bulkhead  fittings  located  at  var¬ 
ious  fuselage  stations  and  butt  lines.  Hardware 
from  three  (3)  Duct  Assemblies  were  used  to  accrue 
sufficient  holes  for  the  survey  set. 

II.  SUMMARY: 

A.  Nineteen  (19)  holes  were  available  in  this  structure 
for  survey  inspection.  The  method  of  production 
utilized  heavy  drill  plates,  located  and  clamped  to 
the  affected  fittings  to  facilitate  locking  on  the 
Quackenbush  air  driven  power  head.  The  parts  were 
drilled  with  the  fuel  shelf  faying  surface  of  the 
hardware  nested  to  the  drill  plate.  Tapered  shims 
integral  to  the  drill  plate  compensate  for  the  fuel 
shelf  angle  and  ensure  that  the  drilling/reaming  axes 
are  normal  (90  )  to  the  nut  and  head  surfaces  of  the 
final  assembled  structure.  The  drill  bit  is  coolant 
fed  via  two  (2)  shank  ports  integral  to  the  drill  bit 
and  supplies  pressure  fed  coolant  at  the  chisel  tip 
land.  Quackenbush  bench  drilling  followed  by  reaming 
was  accomplished  outside  of  the  major  final  assembly 
fixture  on  Holes  #1  through  #11.  Holes  #12  through  #19 
were  drilled  and  reamed  via  Quackenbush  method  with 
the  hardware  positioned  in  the  assembly  fixture  and 

*DRILL  METHOD  CODING:  Q-2  =  Quackenbush,  Air  power  reamer, 

mechanical . 

Quackenbush,  air  powered  drill  and  accessory  tooling. 
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at  a  different  assembly  area.  Inspection  measurements 
were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set 
discloses  a  measurement  distribution  whose  arith¬ 
metical  average  is  0.501699"  for  the  set  of  nine¬ 
teen  (19)  holes.  This  value  is  a  very  good  feature 
since  it  resides  at  the  lower-mid  vicinity  of  the 
Engineering  tolerance  range.  All  of  the  holes  of 

this  set  except  Hole  #9  and  Hole  //ll  meet  the  criterion 
established  by  Engineering.  Specific  discussion  on 
the  geometric  characteristics  of  all  holes  are  dis¬ 
cussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  very  good  holes: 

1.  Custom  designed  fixturing  ensures  interchange- 
ability  and  location  reliability  of  the  basic 
structure. 

2.  Quackenbush,  air  powered  drill  and  accessory 
tooling  produces  good  preliminary  holes  at  assembly. 

3.  Quackenbush,  air  powered  drill,  deriving  a 
piloted  reamer  achieves  final  hole  size  per 
Engineering. 

4.  Planning  is  very  good,  providing  adequate  work 
Instructions  and  definition  of  Inspection  re¬ 
quirements.  Plug  "Go/No-Go"  gaging  is  employed 
in  hole  inspection. 

5.  Visual  aids  (illustrated  assembly  breakdown  by 
Bulkhead  Fuselage  Station)  is  an  invaluable  asset 
providing  a  visual  reference  of  the  overall 
assembly  concept  to  line  personnel. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  716  data  entries  were  accrued  for  the 
series  of  nineteen  (19)  holes.  The  arithmetical 
average  for  the  set  is  0.501699",  well  below  the 
0.505"  high  limit  per  established  Engineering 
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Criterion.  This  is  a  very  good  series  of  holes  on 
size  and  shape  features  considering  the  fact  that 
bench  drilling/reaming  were  employed  to  achieve 
final  hole  size  and  several  set-ups  were  performed 
at  various  fuselage  station  bulkheads.  The  most  pre¬ 
dominant  geometric  feature  apparent  via  data  analysis 
for  this  set  is  slight  taper  and/or  bellmouth  in  the 
holes.  The  feature  exists  but  is  well  within  the 
tolerance  per  Engineering  Criterion, 

1,  Basic  hole  size  was  extremely  consistent  as  evi¬ 
denced  by  the  range  measurements  of  the  set. 

Range  also  is  the  predominant  factor  in  deter¬ 
mining  hole  shape  for  this  set.  A  series  of 
measurements  taken  at  thirty-two  (32),  forty-four 
(44),  or  fifty-two  (52)  locations  within  each  hole, 
dependant  upon  the  thickness  of  the  hardware, 


were  as 

follows: 

Hole  // 

Range 

Hole// 

Range 

1 

0'.000741" 

11 

0.004086' 

2 

0.001207" 

12 

0.001095 

3 

0.000698" 

13 

0.000466 

4 

0.001233" 

14 

0.001241 

5 

0,000543" 

15 

0.000793 

6 

0.000388" 

16 

0.000690 

7 

0.000276" 

17 

0.000629 

8 

0.000569" 

18 

0.000664 

9 

0.004284" 

19 

0.000647 

.0 

0.000768" 

2,  Reference  I.B.;  Holes  //l-(/4  and  Computer  Print¬ 
outs.  All  four  (4)  holes  exhibit  a  straight 
tapering/bellmouth  feature.  Chip  load  build-up 
is  suggested  as  cause  owing  to  the  progressive, 
evenly  distributed  build-up  and  its  affect  on 
all  four  (4)  axes. 

3.  Reference  I.B.;  Holes  //5-8  and  Computer  Print- 
'outs.  The  series  of  holes  at  this  location 
are  very  good  specimens.  Holes  (^6  and  (/7  are 
nearly  perfoect  having  only  0.000388"  and 
0.000276"  range  respectively  in  their  entire 
series  of  thirty-two  (32)  measurements  per  hole. 
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Holes  #5  and  //8  exhibit  an  extremely  slight  side 
load  enlargement  along  their  90  -135  axes.  The 
condition  is  so  subtle  that  weight  moment  on  the 
drill  power  unit  from  a  slightly  loose  cam  lock-up 
of  the  unit  resulted  in  side  load  ovality.  (Note: 
Gravity  line  was  along  the  90  axis  of  the  holes 
during  the  measurement  process).  Refer  to  item 
IIl.A.l  above  for  the  range  measurements  on  these 
holes, 

4.  Reference  I.B.;  Holes  and  Computer  Print¬ 

outs.  Hole  #9  exhibits  a  bellmouth  condition  at 
its  entrance  plane.  The  feature  exceed  the 
Engineering  high  limit  (0.505"),  exhibiting  a 
maximum  value  of  0.506198"  at  level  #1,  "Center¬ 
seeking"  at  the  start  of  reaming  is  suspect  for 
cause  since  all  axes  are  affected  and  relatively 
the  same  order  of  magnitude.  The  flaw  area  is 
very  shallow  to  a  depth  of  5/32"  into  the  hole 

in  structure  that  is  approximately  0,75"  thick. 
Hole  iHO  is  a  very  good  hole  exhibiting  only 
0.000768"  variation  in  fifty-two  (52)  measure¬ 
ments  in  a  0180"  thick  part. 

Hole  iHl  discloses  a  chip  gouge  at  plane  level  #2 
and  a  maximum  recorded  value  of  0.506190"  at  its 
90  axis.  The  scar  is  negligible,  occurring 
at  plane  level  #2  then  disappearing  completely 
at  plane  level  #3.  After  healing  from  the  flaw 
at  level  #2,  this  hole  is  exceptionally  good  on 
size  and  shape  by  varying  only  0.000500"  maxi¬ 
mum  over  the  remaining  11/16"  of  hole  depth. 

5.  Reference  T.B.;  Holes  #12-#19  and  Computer  Print¬ 
out.  Holes  it\2  through  //15  are  very  similar. 

All  are  well  within  the  tolerance  allowable  per 
Engineering.  All  exhibit  hole  enlargement  to  a 
very  slight  degree  from  chip  load  as  depth  into 
the  hole  acquired.  Chip  load  is  suggested  for 
cause  since  all  axes  are  affected  and  the  growth 
is  progressive  and  regular.  Holes  #16  through 
#19  exhibit  very  subtle  side  load  enlargement 
along  their  90°  and  1^5  axes.  Cause  for  growth 
along  the  90°  and  135  axes  is  suggestive  of  the 
weight  moment  on  the  drill.  Refer  to  narrative 
at  III. A. 3.,  Holes  #5  and  #8. 
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B.  Ovality:  Maximum  recorded  ovality  within  the  set 

occurred  at  Hole  #1  and  recorded  at  0.000474" 
at  Level  //I  on  the  45°  -  135°  axes.  This 
value  is  negligible  and  does  not  cause 
quality  degradation  of  the  hole. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual  Hole 
Computer  Printout  discloses  all  holes  to 
be  extremely  good  on  the  ovality  measure¬ 
ments,  None  of  the  holes  exceeded  the 
Engineering  Criterion. 

C.  Perpendicularity:  Heavy  flxturing  assures  perpen¬ 

dicularity  of  the  holes  with  regard  to  the 
structure.  Holes  were  checked  by  gaging  with 
lOX  magnification  Azimuth^Angle  Gaging 
Device  and  disclosed  at  1  closed  angle  owing 
to  the  fuel  shelf  Interface  from  which  the 
measurement  was  taken.  This  angle  is  correct 
for  the  interface.  Upon  assembly  of  upper 
and  lower  halves  of  the  bulkhead  (fuel  shelf 
sandwiched  between  the  fittings),  the  final 
longitudinal  axis  of  the  hole  with  regard  to 
the  nut  and  head  of  the  bolt  is  normal  (90  ) 
and  no  gaps  are  evident.  Refer  to  paragraph 

II.  A  for  tooling  compensation  description, 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by  profile 
analyses. 

E.  Barrelling;  None  existent  as  evidence  by  profile 

analyses. 

F.  Bellmouthing;  This  characteristic  is  the  most  pre¬ 

dominant  geometric  feature  of  the  set. 
Bellmouthing  and/or  taper  has  been  defined 
on  affected  holes  in  the  narrative  per 

III.  A. 2.  through  III. A. 5. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

This  set  of  parts  exhibited  a  very  good 
interior  hole  sidewall  texture.  There 
were  occasional  shallow  angle  rifling 
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perceptible  on  several  holes  when  inspected 
by  Sight  Pipes  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical  scoring 
In  these  holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed  at 

assembly,  were  satisfactorily  deburred  in 
the  normal  process  plan  work  instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  of  '100  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth  and 
shiny. 


f 


I 
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DRILL  METHOD  Q1 


RANKING  NUMBER  71* 
HOLE  SIZE  0.375"/0.379" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  a  Fuselage  Rear  Spar  Assembly.  Cross-sectlonally  the 
structure  Is  approximately  2.00"  thick.  After  looking 
forward  the  stack  consists  of  a  rear  spar  fitting 
(Find  //25),  cap  (Find  #2),  doubler  (Find  #7),  web 
(Find  #38),  cap  (Find  #2)  and  fitting  (Find  #25). 

The  lower  section  of  the  spar  Is  of  similar  nomenclature 
except  that  the  find  numbers  are  26,  39,  7,  38,  3  and  26. 
The  holes  subject  for  survey  are  sized  by  Engineering  at 
0.375"/0.379". 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  to  provide  the 
required  sample  size  for  the  survey. 

The  method  of  production  employed  custom  flxturlng  to 
assure  hole  location.  Holes  were  drilled  by  Quackenbush 
air  powered  drill  with  automatic  feed.  Reaming  was 
accomplished  In  the  fixture  by  hand-held  air  feed  drill 
motor  powering  a  piloted  reamer  to  obtain  final  hole 
sizing.  Inspection  measurements  were  obtained  by  "thru- 
hole"  air  probe. 

B.  All  of  the  holes  for  this  set  are  well  within  the  toler¬ 
ance  spread  established  by  Engineering  and  average  overall 
at  the  mid-point  range  of  the  tolerance.  Reference  to  the 
"Executive  Summary  by  Data  Lot"  reveals  the  average  hole 
size  to  be  0.376691",  a  desirable  feature  since  the  low 

to  high  limit  criterion  Is  0. 375000"/0. 379000"  respec¬ 
tively.  The  specific  characteristics  for  these  holes 
are  discussed  In  detail  at  paragraph  III.  along  with 
Hole  #9,  which  exhibited  one  (1)  oversize  measurement’ 
at  0.379379". 

*  DRILL  METHOD  CODING:  Q-1  =  Quackenbush,  Hand-held  Air  Power  Reamer 
Quackenbush,  air  powered  drill  w/auto.  feed.  Reaming  w/hand-held 
air  feed  drill. 
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1.  Custom  designed  fixture  ensures  interchangeability 
and  location  reliability. 

2.  Quackenbush  drill  method  and  accessories  producing 
good  holes. 

3.  Hand  held  air  powered  drill  motor  utilizing  a  piloted 
reamer  produces  good  final  sizing  of  this  set  of 
holes;  however,  an  additional  hand  reaming  operation 
performed  by  the  operator  has  an  effect  on  slightly 
degrading  the  roundness  integrity  of  some  holes. 
Paragraph  III. A.  elaborates  on  details. 

4.  Planning  is  adequate  to  ensure  model  and  serial  num¬ 
ber  traceability  for  assembly  but  is  too  abbreviated 
to  provide  other  than  "Go"/"No-Go"  gaging  acceptance 
on  holes. 

III.  CHARACTERISTICS; 

A.  Hole  Size:  a.  Some  of  the  holes  of  this  set  exhibit  a 

"saw-tooth"  effect  owing  to  the  hand 
reaming  operation  performed  by  the 
technician  to  recover  hole  alignment  on 
the  stack-up  which  was  lost  as  a  result 
of  riveting  along  the  upper  and  lower 
caps.  Subtle  shift  in  the  lamination 
of  parts  presented  installation  of  normal 
3/8"  bolts.  Additional  hand  reaming  was 
necessary  to  facilitate  installation  of 
the  required  assembly  hardware.  This 
phenomenon  will  be  discussed  at  Ovality, 
item  B.  of  this  paragraph. 

1.  Three  holes  of  this  set,  namely  Hole 
j/9,  //16  and  #27  disclosed  one  dimen¬ 
sion  each  out  of  tolerance: 

#9:  0.379397"  at  90°  alignment. 

Level  //3.  ^ 

#16:  0.379034"  at  0°  alignment. 

Level  #6. 

#27:  0.379078"  at  0°  alignment. 

Level  #3. 
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B.  Ovality: 


NOTE;  There  is  a 
material  Interface 
plane  at  Level  #10. 


The  above  oversize  dimensions  are  too 
Insignificant  to  discredit  the  quality 
of  the  hole  size.  Cause  of  the  over¬ 
size  spur  is  chip  scarring  since  it 
occurs  only  once  in  each  hole;  it  is 
at  one  axis  point  within  the  plane 
dimensions  of  each  hole;  it  is  ex¬ 
ceedingly  shallow  and  in  each  case  it 
disappears  at  the  next  plane  level  of 
measurements. 

2.  Reference  "Executive  Summary  Histo¬ 
gram  by  Data  Lot."  The  measurement 
distribution  utilizes  the  entire 
tolerance  range  owing  to  the  second 
reaming  operation  which  is  evident 
in  measurement  population.  The 
initial  hole  is  distributed  about 
0.375000"  and  0.376000".  The  second 
reaming  operation  relates  to  the 
0.377000"  to  0.379000"  distribution. 

a.  The  "saw-tooth"  effect »  a  produce  of  re- 
reaming  of  the  holes  after  riveting  to 
regain  hole  alignment  results  in  hole 
ovality.  A  second  ovality  effect  results 
from  operator  instability  on  hand  reaming 
outside  of  the  drill  fixture  and  using 
the  physical  assembly  hardware  as  the 
reamer  guide.  In  this  case  ovality  and 
taper  are  Induced  into  the  hole  until 
sufficient  reamer  depth  is  obtained  to 
provide  vertical/perpendicular  stability. 

b.  Holes  #1,  #3,  #7  and  #26  are  examples  of 
ovality  Induced  by  reaming  to  obtain  re¬ 
alignment  to  accept  the  3/8"  bolt  on 
assembly.  Note  the  oversize  "spike" 
that  occurs  at  plane  #10.  This  area  is 
the  debarring  chamfer  existing  on  the 
outer  fitting  and  on  the  spar  cap  chord. 
These  "spikes"  are  discounted  for  concern 
during  the  hole  analysis  process. 
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c.  Holes  »2,  #5,  H,  #8,  #22  and  #27  are 
examples  of  ovality  and  taper  Induced 
primarily  by  operator  instability.  Note 
also  the  stagger  point  at  plane  #10. 

d.  Ovality  overall  within  these  holes  all 
fell  within  the  tolerance  criterion 
0.375000'70. 379000"  established  per 
Engineering.  Individual  Hole  Profile 
Computer  Printout  offer  the  disclosure 
of  Individual  hole  profiles. 

C.  Perpendicularity:  All  holes  within  this  set  were  normal 

to  the  longitudinal  axis  of  the  hole  with 
regard  to  the  centerline  of  fuselage 
station  69.203  and  spar  fitting  machined 
faces  (Interface  surface).  Perpendicu¬ 
larity  was  verified  to  be  zero  degrees 
(0°)  when  measured  with  the  lOX  magnifi¬ 
cation  Azimuth/Angle  Gaging  Device. 

D.  Straightness:  Straightness  is  within  Engineering  design 

tolerance  as  indicated  by  the  profile 
analyses. 

E.  Barrelling:  None  evident  as  indicated  by  the  profile 

analyses. 

F.  Bellmouthlng:  None  evident  as  indicated  by  the  profile 

analyses  and  general  characteristics. 

Taper  and  ovality  are  the  predominate 
features  of  this  series  of  holes. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This 

set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only  an 
occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes . 

H.  Burrs;  This  set  of  holes  was  drilled  and  reamed 

through  a  laminated  stack  and  was  deburred 
satisfactorily  in  the  normal  process  plan 
work  instructions. 
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Surface  Finish!  All  holes  of  this  set  exhibited  a  sur¬ 
face  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth  and 
shiny. 


DRILL  METHOD  Q-2 


RANKING  NUMBER  72  * 
HOLE  SIZE;  0.375"/0.380" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  and  reaming  of  an 
Engine  Air  Duct  Assembly. 

The  hardware  averages  approximately  0,37"  thick  in  the  area  of  the 
holes  and  the  subject  holes  are  sized  by  Engineering  at  0, 375"/0. 380" 
for  installation  of  MS21297-06  High  Shear  Steel  Bolts. 

B.  The  structure  being  surveyed  is  a  series  of  neavy  machined  alum¬ 
inum  bulkhead  fittings  located  at  various  fuselage  stations  and 
butt  lines.  Hardware  from  two  (2)  Duct  Assemblies  were  used  to 
accrue  sufficient  holes  for  the  survey. 


II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for  survey 
inspection.  The  method  of  production  utilized  heavy  drill  plates, 
located  and  clamped  to  the  affected  fittings  to  facilitate  locking 
on  the  Quackenbush  air  driven  power  head.  The  parts  were  drilled 
with  the  fuel  shelf  faying  surface  of  the  hardware  nested  to  the 
drill  plate.  Tapered  shims  integral  to  the  drill  plate  compensate 
for  the  fuel  shelf  angle  and  ensure  that  the  drilling/reaming  axes 
are  normal  (90  )  to  the  nut  and  head  surfaces  of  the  final  assembled 
structure.  The  drill  bit  is  coolant  fed  via  two  (2)  shank  ports 
integral  to  the  drill  bit  and  supplies  pressure  fed  coolant  at  the 
chisel  tip  land.  Quackenbush  bench  drilling  followed  by  reaming 
was  accomplished  outside  of  the  major  final  assembly  fixture. 
Inspection  measurements  were  obtained  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  is  0.376210"  for 
the  set  of  twenty-nine  (29)  holes.  This  value  is  an  ideal  feature 


*  DRILL  METHOD  CODING:  Q-2  =  Quackenbush,  Air  Power  Reamer,  Mechanical. 
Quackenbush,  air  powered  drill  &  accessory  tooling. 
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since  it  resides  at  the  low-point  vicinity  of  the  Engineering  tol¬ 
erance  range.  All  of  the  holes  of  this  set  meet  the  criterion 
established  by  Engineering.  There  are  two  (2)  minor  features  of 
taper  and/or  bellmouth  apparent  in  the  Individual  Hole  Computer 
Printout  Data  for  these  holes.  Specific  discussioc.  on  the 
geometric  characteristics  of  the  holes  are  discussed  at  para¬ 
graph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
very  good  holes: 

1.  Custom  designed  fixturing  ensures  interchangeability  and  location 
reliability  of  the  basic  structure. 

2.  Quackenbush,  air  powered  drill  and  accessory  tooling  produces 
good  preliminary  holes  at  asseinbly. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted  reamer  achieves 
final  hole  size  per  Engineering. 

4.  Planning  is  very  good,  providing  adequate  work  instructions  and 
definition  of  inspection  requirements.  Plug  "Go/No-Go"  gaging 
is  employed  in  hole  inspection. 

5.  Visual  aids  (Illustrated  assembly  breakdown  by  Bulkhead  Fuselage 
Station)  is  an  invaluable  asset  providing  a  visual  reference  of 
the  overall  assembly  concept  to  line  personnel. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  472  data  entries  were  accrued  for  the  series  of 

twenty-nine  (29)  holes.  The  arithmetical  average  for 
the  set  is  0.376210",  well  below  the  0.280"  high  limit 
per  established  Engineering  Criterion.  This  is  an 
excellent  series  of  holes  on  size  and  shape  features 
considering  the  fact  that  bench  drilling/reaming  were 
employed  to  achieve  final  hole  size  and  several  set-ups 
were  performed  at  various  fuselage  station  bulkheads. 

1.  Basic  hole  size  was  extremely  consistent  as  evidenced 
by  the  range  measurements  of  the  set.  Range  also  is 
the  predominant  factor  in  determining  hole  shape  for 
this  set.^e  range  of  measurements  taken  at  sixteen 
(16)  locations  within  each  hole  are  as  follows: 


Hole 

Range 

Hole 

Range 

1 

0.000198" 

16 

0.000517" 

2 

0.000440" 

17 

0.001380" 

3 

0.000560" 

18 

0.000310" 

4 

0.000345"  • 

19 

0.001077" 

5 

0.000560" 

20 

0.000175" 

6 

0.000353" 

21 

0.000440" 

7 

0.000397" 

22 

0.000764" 

8 

0.000345" 

23 

0.001121" 

(cont'd  next  page) 
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9 

0.000259" 

24 

0.002578" 

10 

0.000110" 

25 

0.000241" 

11 

0.002259" 

26 

0.000552" 

12 

0.000293" 

27 

0.000224" 

13 

0.000216" 

28 

0.000362" 

14 

0.000250" 

29 

0.000819" 

15 

0.000595" 

2.  Reference  I.B.;  Holes  #1>#4  end  Conputer  Printouts« 

Hole  #3  discloses  sn  ovelity  condition  st  plane  level  #1. 
The  feature  is  the  result  of  "center-seeking"  of  the 
reamer  at  the  start  of  its  engagement  into  the  hole. 

The  flaw  is  extremely  slight  and  disappears  at  the 
next  plane  of  measuresienta  inside  the  hole. 

The  remaining  holes »  identified  Hole  #1,  #2  and  #4 
are  nearly  perfect  specimens. 

3.  Reference  I.B.;  Holes  #5-8  and  Computer  Printouts. 

Hole  #5  reveals  a  tapered  enlargement  of  the  hole 
along  its  90  and  135  xes.  The  condtion  is  sug¬ 
gestive  of  side  loading  yn  the  drill  power  head 
Induced  by  operator  handling  during  its  duty  cycle; 
thus,  only  two  (2)  adjacent  axes  of  the  hole  were 
affected  by  subtle  enlargesient. 

Holes  #6, #7  and  #8  reveal  a  very  slight  tsper  at  their 
entrange  planes  and  is  eharaeteristieally  heaviest  at 
the  45  axes.  Lead-in  side  loading  is  suggested  as 
cause  for  the  taper  along  with  reamer  pilot  misalign¬ 
ment  on  concentricity  with  the  preliminary  hole. 

4.  Reference  I.B.;  Holes  #9-#12  and  Computer  Printouts. 

Hole  #11  reveals  a  bellmouth  condition  at  its  entrance 
plane.  The  feature  is  well  within  the  Engineering 
high  limit  (0.380"),  eidilbitlng  a  maximum  value  of 
0.377974"  at  level  #1.  "Center  seeking"  at  the  start 
of  reaming  is  suspect  for  cause  since  all  axes  are 
affected  and  at  relatively  the  same  order  of  magnitude. 
Holes  #9,#10  and  #12  are  nearly  perfect  specimens  per 
Computer  Profile  Printout. 

5.  Reference  I.B.;  Holes  #13-#16  and  Computer  Printout. 

Holes  #15  and  #18  exhibit  a  taper  and/or  belUsouth 
at  the  vicinity  of  their  drill/reaming  exit  planes. 

Chip  build-up  loads  are  responsible  for  the  hole 
enlargement.  The  build-up  is  progressive  snd  regularly 
distributed  smong  all  four  (4)  swasurement  axes. 

Holes  #12  and  #13  are  virtually  perfect  specimens 

per  Cooq^ter  Profile  Printout. 

6.  Reference  I.B.;  Holes  #17-#20  and  Computer  Printout. 

Holes  #19  exhibits  a  taper/bellmouth  at  its  exit 
plane  vicinity.  Chip  build-up  during  drilling  which 
failed  to  clean  up  during  reaming  is  suspect  for  cause 
owing  to  the  "spiked"  plane  level  #4  in  this  hole. 

Reaming  could  not  cause  the  abrupt  "spike"  condition. 

Hole  #17  exhibits  a  sli^t  lead-in  "grab"  resulting 

in  an  ovality  spur  at  level  #1  and  a  spike  at  its 
exit  plane  similar  to  Hole  #19.  Cause  for  the  exit 
plane  feature  is  identical  to  Hole  #19.  The  lead-in 
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B.  Ovality: 


grab  moat  probably  reaulta  from  reamer  pilot  mlaallgn- 
ment  to  the  prell^nary  hole. 

Holea  #18  and  #20  are  nearly  perfect  apeclaiena  per 
Computer  Profile  Printout. 

7.  Reference  I.B.;  Holea  #21**#22  and  Computer  Printout. 
Hole  #21  la  nearly  a  perfect  hole,  marred  only  by  a 
allgiht  chlp-acar  at  level  #2.  The  scar  la  extremely 
all^t  and  dlaappeara  at  the  next  plane  depth  within 
the  hole. 

Hole  #22  la  very  aimllar  to  Hole  #11  (Item  #4  above) 
and  exhlbita  an  entry  taper/be llmouth  condition. 
"Center-aeeking"  at  the  atart  of  reaming  la  auapect  for 
cauae  alnce  all  axea  are  affected  and  at  the  aame 
order  or  magnitude. 

8.  Reference  I.B.;  Holea  #23-29  and  Computer  Printout. 

Hole  #23  reveala  chlp-aearrlng  at  plane  level  #3  on 
all  four  axea;  then,  migrating  down  to  plane  level 
#4  at  Ita  0  and  45  axea.  Drill  chip-load  gouging 
that  failed  to  clean  up  In  reaming  la  auggeated  aa 
cauae  owing  to  the  ahape  and  aplke  magnitude  within 
the  hole. 

Hole  #24  dlacloaea  a  aimllar  condition  aa  exlsta  In 
hole  #23.  Cauae  la  alao  Identical  to  hole  #23. 

Holea  #25  and  #27  are  flawleaa. 

Holea  #26  and  #28  are  very  aimllar  and  exhibit  aide 
load  Influence  at  two  (2)  adjacent  axea.  The  condi¬ 
tion  dlmlnlahea  aa  depth  In  hole  la  acquired.  Hole 
#26  la  affected  along  Ita  Or  and  45^  axea.  Operator 
Induced  aldeloadlng  la  auggeated  aa  cauae  In  both 
holea,  reaultlng  from  drill  handling  during  Ita  duty 
cycle. 

Hole  #29  exhlbita  a  atral^t  tapering  bellmouth  feature. 
Chip  load  build-up  and  releaae  la  auggeated  aa  cauae 
owing  to  the  prog^eaalve,  evenly  dlatrlbuted  build-up, 
all  axea  affected  and  auddenly  releaaed,  algnlfylng 
break-off  and  clearing. 

9.  Reference  to  Individual  Hole  Hlatorama  reveala  a  Normal 
Gaualan  Dlatrlbutlon  and  data  populated  about  the 
0.376000"  vicinity.  Thia  dlatrlbutlon  offera  evidence 
aupportlng  a  conclualon  of  proceaa,  toola  and  peraonnel 
operating  In  harmony. 

Reference  to  the  Executive  Summary  Hiatogram  for  this  set 
dlacloae  aporadlc  departurea  wmy  from  the  0.376000" 
alte.  Holea  #11  ,#17, #19, #22, #23, #24  and  #29  are  the 
contrlbutora  reaponaible  for  break-ln  eluater  contin¬ 
uity.  The  aforenoted  holea  exhibit  a  range  apraad  out 
of  the  ordinary  for  these  hples.  Reference  III.A.l 
and  Individual  Computer  Printout  Data. 

Maximum  recorded  ovality  within  the  set  occurred  at  Hole 
#24  and  recorded  at  0.002552"  on  the  45  -135^  axea. 

Ovality  reaulted  from  the  lead-in  aide  load  along  Ita 
45°  axla.  The  value  doea  not  exceed  the  tolerance 
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criterion  permitted  per  Engineering. 

Ovellty  wee  not  e  ceuee  for  concern  on  this  set .  Reference 
to  Indlvlduel  Hole  Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  their  ovellty  meaeuremrots. 

None  of  the  holes  of  this  set  exceeded  the  Engineering 

Criterion. 

C  Perpendicularity!  Heavy  fixturlng  assures  perpendicularity  t**® 
hoLs  with  regard  to  the  structure.  Holes 
by  gaging  with  lOX  magnification  Azlnuth/Angle  C«8ing 
device  and  disclosed  a  1®  closed  angle  owing  to  the  fuel 
shelf  Interface  from  which  the  measurement  was  taken. 

This  angle  Is  correct  for  the  Interface. 
of  upper  and  lower  halves  of  the  bulkhead  (fuel 
sandwiched  between  the  fittings),  the  final  J®®^ 

axis  of  the  hole  with  regard  to  the 

bolt  Is  normal  (90®)  and  no  gaps  are  evld^t.  Refer  to 
paragraph  II. A.  for  tooling  compensation  description. 

D.  Stral^tness:  Stral^tness  Is  within  Engineering  design  tolerance 

as  Indicated  by  profile  analyses. 

E.  Barrelling:  None  existent  as  evidenced  by  profile  analyses. 

F.  ,.U«.uthtog=  Thl.  J..tur.  h..  b.M.  d.fln.d  »”  •“ 

In  the  narrative  per  III. A.  3.  through  in  .a./. 

r  Hole  Texture:  Rifling,  Scratches,  Chatter  marks. 

G.  Hole  ^ery  good  Interior  hole  sidewall  texture. 

•nlere  were  occasional  shallow  angle  rifling  perceptible 
on  several  holes  when  Inspected  by  Sight  Pipes  at  3* 
magnification.  There  were  no  chetter  marks  nor  vertl 
scoring  In  these  holes. 

H  Burrs*  This  set  of  holes,  drilled  and  reamed  at  assembly,  wre 

H.  Burrs.  satisfactorily  deburred  In  the  normal  process  plan  work 

instructions. 

T  Finish*  All  holes  of  this  set  exhibited  a  surface  finish  of 

I.  Surface  i,^tter.  Optical  Surface  Comparator  was  used 

In  this  Inspection.  Surface  was  smooth  and  shiny. 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  73* 
HOLE  SIZE:  0.4375’70.4A25" 


I.  OVERVIEW: 

A,  This  set  of  production  holes  features  drilling  and 
reaming  of  an  Engine  Air  Duct  Assembly. 

The  hardware  varies  from  approximately  0,50"  to  0.80" 
thick  in  the  area  of  the  holes  and  the  subject  holes 
are  sized  by  Engineering  at  0.4375"/0.4425"  for  in¬ 
stallation  of  MS21297-07  High  Shear  Steel  Bolts. 

B,  The  structure  being  surveyed  is  a  series  of  heavy 
machined  aluminum  bulkhead  fittings  located  at  var¬ 
ious  fuselage  stations  and  butt  lines.  Hardware  from 
two  (2)  Duct  Assemblies  were  used  to  accrue  suffi¬ 
cient  holes  for  the  survey, 

II.  SUMMARY; 


A.  Twenty  (20)  holes  were  available  in  this  structure 
for  survey  inspection.  The  method  of  production 
utilized  heavy  drill  plates,  located  and  clamped  to 
the  affected  fittings  to  facilitate  locking  on  the 
Quackenbush  air  driven  power  head.  The  parts  were 
drilled  with  the  fuel  shelf  faying  surface  of  the 
hardware  nested  to  the  drill  plate.  Tapered  shims 
Integral  to  the  drill  plate  compensate  for  the  fuel 
shelf  angle  and  ensure  that  the  drllllng/reaming 
axes  are  normal  (90  )  to  the  nut  and  head  surfaces 
of  the  final  assembled  structure.  The  drill  but  is 
coolant  fed  via  two  (2)  shank  ports  integral  to  the 
drill  bit  and  supplies  pressure  fed  coolant  at  the 
chisel  tip  land.  Quackenbush  bench  drilling  followed 
by  reaming  was  accomplished  outside  of  the  major  final 
assembly  fixture.  Inspection  measurements  were  ob¬ 
tained  via  "thru-hole"  air  probe. 

*DRILL  METHOD  CODING:  Q-2  ■  Quackenbush,  Air  Power  Reamer, 

Mechanical. 

Quackenbush,  air  powered  drill  and  accessory  tooling. 
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B.  Reference  Executive  Summary  by  Data  Lot.  This  set 
discloses  a  measurement  distribution  whose  arith¬ 
metical  average  la  0.439125"  for  the  set  of  twenty 
(20)  holes.  This  value  is  a  very  good  feature  since 
it  resides  at  the  lower-mid  vicinity  of  the  Engin¬ 
eering  tolerance  range.  All  of  the  holes  of  this 
set  except  Holes  #15  through  Hole  #17  meet  the 
criterion  established  by  Engineering.  Specific 
discussion  on  the  geometric  characteristics  of  all 
holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the 
following  for  the  production  of  very  good  holes. 

1.  Custom  designed  fixturlng  ensures  interchange- 
ability  and  location  reliability  of  the  basic 
structure. 

2.  Quackenbush,  air  powered  drill  and  accessory 
tooling  produces  good  preliminary  holes  at  assembly. 

3.  Quackenbush,  air  powered  drill,  driving  a  piloted 
reamer  achieves  final  hole  size  per  Engineering. 

4.  Planning  is  very  good,  providing  adequate  work 
instructions  and  definition  of  inspection  re¬ 
quirements,  Plug  ''Go/"no-Go''  gaging  is  employed 
in  hole  inspection. 

5.  Visual  aids  (Illustrated  assembly  breakdown  by 
Bulkhead  Fuselage  Station)  is  an  invaluable  asset 
providing  a  visual  reference  of  the  overall 
assembly  concept  to  line  personnel. 

III.  CHARACTERISTICS; 


A.  Hole  Size;  688  data  entries  were  accrued  for  the 

series  of  twenty  (20)  holes.  The  arthmetlcal  average 
for  the  set  is  0  439125",  well  below  the  0.4425" 
high  limit  per  established  Engineering  Criterion. 

This  is  a  very  good  series  of  holes  on  size  and 
shape  features  considering  the  fact  that  bench  drilling/ 
reaming  were  employed  to  achieve  final  hole  size  and 
several  set-ups  were  performed  at  various  fuselage 
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station  bulkheads 


An  apparent  disclosure  per  data  analysis  for  this 
set  Is  slight  barrelling  on  Holes  #2,  //ll,  and  //19. 

The  feature  exists  but  is  well  within  the  tolerance 
per  Engineering  Criterion.  In  addition,  Holes  #15, 

#16,  and  #17  are  slightly  oversize  In  this  series  of 
holes. 

1.  Basic  hole  size  extremely  consistent  as  evidence 
by  the  range  measurements  of  the  set.  Range  also 
Is  the  predominant  factor  In  determining  hole  shape 
for  this  set.  A  series  of  measurements  taken  at 
twenty-eight  (28),  thirty-two  (32),  forty-four  (44), 
or  fifty-two  (52)  locations  within  each  hole,  de¬ 
pendent  upon  the  thickness  of  the  hardware,  were 
as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.000233" 

11 

0.000621" 

2 

0.000552" 

12 

0.000422" 

3 

0.000672" 

13 

0.003500" 

4 

0.000681" 

14 

0.003561" 

5 

0.000336" 

15 

0.003612" 

6 

0.000250" 

16 

0.004379" 

7 

0.000267" 

17 

0.004258" 

8 

0.000474" 

18 

0.000353" 

9 

0.000302" 

19 

0.000629" 

10 

0.000310" 

20 

0.000259" 

2.  Reference  I.B.  for  hole  location  and  Individual  Hole 
Computer  printouts.  Eight  holes.  Identified  Hole  #1, 
#5,  #6,  #7,  #9,  #10,  #18  and  #20  are  virtually  per¬ 
fect  hole  specimens.  Within  this  series.  Hole  #18 
records  the  greatest  range  in  measurements  at 
0.000353"  and  Hole  #1,  the  least  range  spread, 
recorded  at  0.000233".  The  aforenoted  holes  are 
representative  of  some  of  the  varying  hardware 
thicknesses  encountered  to  accrue  these  holes  and 
serve  to  demonstrate  that  personnel,  tools  and 
process  are  functioning  harmoniously  and  in  ex¬ 
emplary  control. 
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3.  Reference  I.B.  for  hole  location  and  Individual 
Hole  Computer  Printouts. 

Hole  #2,  #11  and  #19  are  very  good  holes  and  well 
within  the  tolerance  criterion  established  per 
Engineering;  however,  these  are  the  first  exam¬ 
ples  to  demonstrate  a  barrelling  feature  inside 
the  holes.  Chip  load,  progressively  building 
and  followed  by  a  gradual  diminishing  in  the 
course  of  reaming  is  suggested  as  cause  for 
barrelling.  The  feature  is  negligible  at  0.000629  , 
the  maximum,  existing  on  Hole  #19. 

4.  Reference  I.B.  for  hole  location  and  Individual 
Hole  Computer  Printouts. 

Hole  #8  and  #12  are  only  slightly  departed  from 
perfection  with  range  measurements  of  0.000474" 
and  0.000422"  respectively.  Slight  side  load  is 
suggested  for  Hole  #8  ovality  and  a  chip  gouge  at 
levels  2  and  3  for  Hole  #12.  Both  are  negligible 
and  are  not  degrading  to  hole  quality. 

Holes  #3  and  #4  are  very  similar  to  Holes  #8  and 

#12. 

5.  Reference  I.B.  for  hole  location  and  Individual 
Computer  Printouts.  Holes  #13  through  #17  have 
a  common  bellmouth  enlargement  characteristic 
at  their  entrance  vicinity,  plane  levels  #1  and 
#2.  Holes  #15,  #16  and  #17  are  oversize  very 
minutely  with  maximum  values  of  0.442845", 

0.443379"  and  0.443138"  respectively  recorded 
at  their  hole  entry  areas.  Center  seeking  on 
the  reaming  pilot  is  the  most  probable  cause 
for  this  slight  entry  flaw.  It  is  considered 
negligible  on  analysis  owing  to  magnitude, 
location  and  depth  into  the  hole  longitudinally. 

Hole  #17  exhibits  the  largest  dimension  of  this 
set  at  0.443922",  oversize  at  a  value  of  0.001422", 
This  measurement  also  is  considered  no  degradation 
to  hole  quality  since  it  is  a  breakout  spike 
occurring  at  the  final  exit  plane  and  at  only  one 
point  in  the  hole. 
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6.  Reference  to  Individual  Hole  Histograms  reveals 
a  Normal  Gausian  Distribution  and  data  populated 
about  the  0.000438"  and  0.000439"  vicinities. 
This  distribution  offers  evidence  supporting  a 
conclusion  of  process,  tools  and  personnel  oper¬ 
ating  in  harmony. 

Reference  to  the  Executive  Summary  Histogram  for 
this  set  discloses  a  relatively  flat  data  dis¬ 
tribution  between  0.000438"  and  0,000439". 
Multiple  set-ups  of  varied  hardware  results  in 
the  aforementioned  spread. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #17  and  recorded  at  0.002966"  on 
the  0°  -  90°  axes.  Ovality  resulted  from  the  break¬ 
out  spur  on  the  0  axis.  Reference  to  Individual 
Hole  Computer  Printouts,  Holes  #13  through  #17  of 
this  seu  reflect  the  following  ovality  values  and 
locations: 


Hole  # 

0°  -  90° Axes 

Plane 

#  45°  -  135°Axes 

Plane  # 

13 

0.000655" 

1 

0.000793" 

1 

14 

0.000793" 

2 

0.000620" 

1 

15 

0.000759" 

2 

0.001328" 

2 

16 

0.000629" 

1 

0.000870" 

2 

17 

0.002965" 

11 

0.001362" 

11 

The  above  disclosure  relates  to  the  bellmouth  enlarge¬ 
ment  discussed  in  Item  III. A. 5  and  the  spur  at  the 
exit  plane  at  Hole  #17. 

Ovality  measurements  on  all  other  holes  of  this  set 
were  very  slight,  ranging  generally  at  0,0002  and 
below. 

C.  Perpendicularity;  Heavy  flxturing  assures  perpen¬ 
dicularity  of  the  holes  v;ith  regard  to  the  structure. 
Holes  were  checked  by  gaging  with  lOX  magnification 
Azimuth/Angle  Gaging  Device  and  disclosed  a  1  closed 
angle  owing  to  the  fuel  shelf  interface  from  which 
the  measurement  was  taken.  This  angle  is  correct 
for  the  interface.  Upon  assembly  of  upper  and  lower 
halves  of  the  bulkhead  (fuel  shelf  sandwiched  between 
the  fittings),  the  final  longitudinal  axis  of  the  hole 
with  regard  to  the  nut  and  head  of  the  bolt  is  normal 
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(90°)  and  no  gaps  are  evident.  Refer  to  paragraph 

II.  A.  for  tooling  compensation  description. 

D.  Straightness:  Straightness  is  within  Engineering 
design  tolerance  as  Indicated  by  profile  analyses. 

E.  Barrelling:  This  characteristic  has  been  discussed 
on  affected  holes  of  this  set  in  the  narrative  per 

III. A.3. 

F.  Bellmouthing:  This  feature  has  been  defined  on 
affected  holes  of  this  set  in  the  narrative  per 
III.A.5. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks. 

This  set  of  parts  exhibited  a  very  good  interior 
hole  sidewall  texture.  There  were  occasional 
shallow  angle  rifling  perceptible  on  several  holes 
when  inspected  by  Sight  Pipes  at  3X  magnification. 
There  were  no  chatter  marks  nor  vertical  scoring  in 
these  holes. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 
surface  finish  of  "lOOAA”  or  better.  Optical  Surface 
Comparator  was  used  in  this  inspection.  Surface  was 
smooth  and  shiny. 
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DRILL  METHOD  H-3 


RANKING  NUMBER  74* 
HOLE  SIZE:  0.251'70.254" 


I.  OVERVIEW! 

A.  The  structure  Is  an  all  aluminum  stack-up  approximately 
0.60"  thick  on  the  lower  surface  of  an  aircraft  wing. 

The  subject  hole  Is  sized  per  Process  Criterion  at 
0.251"/0.254";  0.0030"  over  the  reamer  size  0.2510". 

An  automated  measuring  system  utilizing  a  thru-hole  air- 
probe  coupled  to  a  Hewlett  Package  9815A  Programmable 
Calculator  was  used  to  accumulate,  store  and  produce  a 
Computer  Statistical  Printout  of  each  hole  of  this  set. 

The  Computer  Statistical  Printouts  of  Individual  holes 
provide  composite  clues  leading  to  disclosure  of  the 
geometric  features  of  the  holes  related  to  their  measure¬ 
ment  profiles. 

II.  SUMMARY: 

A.  Twelve  (12)  holes  were  available  In  this  structure  for 
survey  Inspection.  The  sequence  of  production  directed 
preliminary  reaming  of  the  holes  to  prepare  them  for 
cold  working.  A  hand-held  air  powered  drill  motor 
driving  a  piloted  tip  reamer  was  employed  to  accomplish 
the  task. 

B.  Reference  Executive  Summary  for  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  Is  0.253608"  for  the  set  of  twelve  (12)  holes. 

This  value,  slightly  below  the  high  limit  of  the  tolerance, 
Is  a  result  of  a  chronic  bellmouth  and/or  taper  charac¬ 
teristic  throughout  this  series  of  holes.  The  geometric 
features  of  the  holes  are  discussed  In  detail  at  paragraph 

III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following: 

*  DRILL  METHOD  CODING:  H-3  *  Hand  Held  Drilling;  Cold  Worked 

Hand  Held  Reaming 
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1. 


Hand-h3ld  air  powered  drill  motors  for  reaming. 


NOTE:  Reamer  Is  a  six  fluted  long  shank  piloted  tip 

reamer  sized  at  0.2470"  (tip)  and  0.2510"  (shank). 

2.  Lack  of  assist  tooling  to  stabilize  the  reaming  operation. 

3.  Affect  of  reaming  Instability  is  apparent  In  the  final 
hole. 

III.  CHARACTERISTICS: 


A.  Hole  Size:  336  data  measurements  were  accrued  for  the 
twelve  (12)  holes  comprising  this  set. 

Reference,  Executive  Summary  by  Data  Lot, 
discloses  an  arithmetical  average  of  0.253608", 
slightly  below  the  Process  High  Limit  Criterion. 

Fifty  percent  (50%)  of  the  holes  in  this  lot 
exceeded  the  0.2540"  high  limit  criterion  and 
are  Identified  Holes  //2,  6,  7,  10,  11  and  y/12. 

1.  Holes  //6,  7  and  //lO,  Reference  Individual 
Hole  Computer  Printouts.  The  noted  speci¬ 
mens  are  oversize  the  entire  length  of  the 
holes  and  result  from  operator  instability 
on  the  drill  and  long  reamer  length. 

The  data  spikes  and  oversize  condition  in 
the  holes  reflect  operator  side  loading 
during  the  duty  cycle  of  reaming. 

2.  Holes  if 2,  11  and  if  12.  Reference  Individual 
Hole  Computer  Printouts.  These  holes  are 
oversize  and  bellmouthed  and/or  tapered 
which  Is  the  chronic  geometric  feature  of 
this  set. 

The  characteristic  is  apparent  at  the  start 
plane  of  reaming  and  gradually  decreases 
in  magnitude  as  depth  In  hole  Is  acquired. 

3.  Holes  #1  and  #8  exhibit  the  bellmouth 
feature  similar  to  item  if2  above,  but  the 
measurements  all  are  within  the  tolerance 
allowable  and  do  not  exceed  the  0.2540" 
limit. 
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4.  The  bellmouth  feature  Is  the  product  of 
"center-seeking”  of  the  reamer  and  in¬ 
sufficient  assist  tooling  (drill  plate 
with  reamer  guide  bushing)  to  stabilize 
the  reamer  during  its  duty  cycle. 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 

occurred  at  Hole  #11  and  disclosed  a  value 
of  0.001129"  on  the  0°  -  90°  axes  at  level  1. 
Ovality  at  this  hole  exceeded  the  Engineering 
tolerance  criterion  as  a  product  of  the  bell- 
mouth  feature  at  the  entrance  plane  of  the 
reamer  due  to  "center-seeking". 

Ovality  within  Itself  did  not  exceed  0.001129" 
and  the  feature  was  less  at  all  other  holes 
in  the  set;  therefore,  ovality  was  not  a  cause 
for  concern  in  this  set.  The  bellmouth  and/or 
taper  precipitated  the  feature  in  all  holes. 

C.  Perpendicularity:  Several  holes  within  the  series  were 

checked  by  gaging  with  a  lOX  magnification 
Azimuth/Angle  Gaging  Device.  The  holes  were 
normal  (90°)  to  the  longitudinal  axis  of  the 
hole  with  regard  to  the  outer  surface  of  the 
wing  structure. 

D.  Straightness:  Straightness  Is  within  Engineering  design 

tolerance  as  indicated  by  profile  analysis. 

E.  Barrelling:  Non-existent  as  evidenced  by  profile  analyses 

in  all  holes  except  Hole  #10.  This  hole 
exhibits  a  feature  roughtly  barrelled  in 
characteristic  and  is  the  result  of  operator 
side  load  instability.  Refer  to  narrative  at 
par.  III.A.l. 

F.  Bellmouthing:  All  holes  are  bellmouthed  in  association 

to  their  entrance  plane  characteristic. 

Refer  to  narrative  at  paragraph  III.A.l  thru 
III. A, 4. 
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G.  Hole  Texture: 

H.  Burra: 

I.  Surface  Finish: 


Rifling,  Scratches,  Chatter  Marks.  This 
set  of  holes  exhibited  fair  Interior  wall 
texture.  Inspection  was  performed  with 
Sight  Pipes  at  3X  magnification.  There 
were  no  chatter  marks,  scratches  nor 
scoring  In  these  holes;  however,  rifling 
was  prolific  throughout  the  set. 

There  was  no  evidence  of  burrs  In  the 
stack-up  of  materials  In  the  assembly. 

All  holes  of  this  set  exhibited  a  surface 
finish  of  approximately  150AA.  Optical 
surface  comparator  was  used  In  this  Inspec¬ 
tion.  Surface  was  generally  rougher  than 
normal  as  a  result  of  the  rifling  feature. 
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DRILL  METHOD  Q-2 
RANKING  NUMBER  75* 
HOLE  SIZE  0.3125'70.3155" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  of  a  structure 
approximately  1.625”  thick  through  one  solid  member. 

The  subject  hole  Is  slsed  by  Engineering  at  0.3125"/0.3155",  for 
hl-strength  blind  fastener  installation. 

II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for 
survey  Inspection.  The  method  of  production  was  unique  on  this 
series  of  holes  owing  to  the  fact  that  tvo  (2)  hole  drilling 
tnethods  were  employed  aa  follows: 

1.  Holes  #1  through  #16  were  produced  by  Quackenbush  method; 
"one-shot"  drilling  to  hole  final  size  and  reaming. 

2.  Holes  #17  through  #29  were  produced  by  Desoutter  method; 
preliminary  drilling  to  19/64"  hole  diameter,  followed  by 
reaming  to  arrive  at  the  final  hole  using  a  0.3115",  +0.002"/ 
-0.000"  reamer. 

Inspection  measurements  were  obtained  via  "thru-hole"  air  probe. 
Seventy-tm  (72)  measurements  were  taken  In  each  hole,  at 
0  -45  -90®  and  135®  axes,  and  at  eighteen  (18)  plane  levels 
within  the  hole.  Excellent  profile  characteristics  were 
achieved  for  reporting. 

B.  Reference  Executive  SumoMry  by  Data  Lot.  These  holes  disclose  a 
measurement  distribution  whose  arithmetical  average  is  0.313492" 
for  the  set  of  twenty-nine  (29)  holes. 

1.  The  arithmetical  average  for  Holes  #1  through  #16, 
produced  by  the  Quackenbush  Method,  Is  0.313596". 

This  group  of  holes  per  Individual  Computer  Printout 
disclose  a  more  desirable  geometric  profile  and 
tolerance  status  than  the  holes  produced  by  the  Desoutter 
Method.  Hole  #2  Is  the  only  hole  within  the  Quackenbush 
set  disclosing  an  oversize  condition.  None  of  the 
Quackenbush  holes  were  undersize. 

2.  The  arithmetical  average  for  Holes  #17  through  #29, 
produced  via  the  Desoutter  Method,  which  Includes  final 
reaming  Is  0.313341".  Individual  Computer  Printout 
discloses  a  "rash"  of  undersize  values  residing  In  the 
Desoutter  holes.  Ten  (10)  of  the  twelve  (12)  hole  total 

*  DRILL  METHOD  CODING:  Q-2  •  Quackenbush,  Air  Power  Reamer,  Mechanical 
2  methods:  #1-#16,  Quack,  one-shot.  #17-29,  Desoutter  followed  by  reaming 
to  achieve  final  hole  size.  A77 


are  affactad  by  undaralia  dlmanalona.  In  addition,  ai|^t 
(8)  of  tha  Dasottttar  holaa  alto  ravaal  ovaraiaa  conditions. 

Details  on  the  gaoswtric  features  of  all  holes  are  discussad  at 
paragraph  III. 

C.  Tha  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 

1.  Custom  designed  fixturing  ensures  interchangeability  and  location 
reliability  of  the  basic  structure. 

2.  Tooling  concepts  are  distinguishable  in  drilling  results: 

a.  Quackenbush  method.  Drilled  holes  and  no  reaming  for  holes 

Identified  #1  through  • 

b.  Desoutter  method.  Drilled  preliminary  holes  followed  by 

reaming  for  holes  identified  #17  through  #29. 

3.  Planning  is  very  good,  providing  adequate  work  instructions  and 
definition  of  inspection  requirements. 

III.  CHARACTERISTICS: 

Quackenbush  Method:  Holes  identified  Hole  #1  through  Hole  #16. 

A.  Hole  Sise:  1.  One  (1)  hole,  identified  Hole  #2  is  the  only  specimen 

of  the  Quackenbush  Method  disclosing  an  ovsrsise 
condition  and  there  are  no  undersise  hdles  produced 
via  this  mathod.  The  general  geometric  profile  of 
the  Quackenbush  holes  are  superior  to  the  Desoutter 
reamed  holes. 

a.  Hole  #2  eidtibits  a  shallow,  spiralled,  operator 
induced  side-load  gouge.  It  starts  at  plana  level 
#13  on  the  O'’  axis  and  is  recorded  at  0.315621". 
The  gouge  extends  3/16"  in  length,  then  shifts 
to  its  45°  axis  where  it  accumulates  an  addit¬ 
ional  3/16"  in  length  and  achieves  its  msxinum 
dimension,  0.315948",  at  plane  level  #17.  At 
the  exit  plane,  level  #18,  the  hole  is  back  in 
tolerance. 

Reference  to  Individual  Computer  Printout  for 
Hole  #2.  The  Profile  Presentation  disclosas  the 
flaw  area  at  its  0°  axis  on  plane  levels  #13 
through  #17.  Cause  of  this  gouge  is  operator 
side  loading  inducad  as  a  result  of  handling 
the  power  head  while  the  drill  is  in  its  duty 
cycle. 
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D«»outter  Method: 
A.  Hole  Site: 


b.  There  were  no  tmderelie  holes*  The  Queckenhueh 
holes  were  very  good  on  profile  considering  the 
extreisely  long  engageswnt  of  the  drill  duty  cycle. 
The  following  ere  exs^>les  of  the  totgl  spread 
(range  of  swaauresients)  taken  at  seventy"two 
(72)  locations  within  individual  holes: 


Hole  #  kanaa  of  data  SSSBS^ 


3 

4 

7 

14 

15 

16 

0.000707” 

0.000966” 

0.000905” 

0.000836” 

0.000931” 

0.000681” 

Generally  very  good 
profiles  with  only 
slight  deviations  due 
to  side-loading  and 
chip  load  variation. 

1 

0.001939” 

Generally  very  good; 

5 

0.001216” 

sli^t  side  load 

8 

0.001034” 

deviations  and  pre- 

9 

0.001052” 

doailnantly  along 

11 

0.001164” 

one  axis. 

12 

0.001293 

2  0.0003707”  Generally  heavier 

6  0. '0002293”  side  loads  and  affect- 

10  0.002207”  ing  two  axes  of  orient¬ 

ation. 


All  of  the  holes  above,  except  Hole  #2,  are 
acceptable  to  the  established  Engineering 
Criterion.  Hole  #2  is  discussed  separately 
under  item  III*  A.  1.  a* 


Holes  identified  Hole  #17  through  Hole  #29. 

.  El^t  (8)  holes  exhibit  overslte  conditions. 


Hole  #17  overslte  at  a  depth  of  0.35"  to  0.60' 
along  the  0  -45  axes  of  orientation.  The 

recorded  defect,  0.316310",  is  located 
at  plane  #7.  Individual  Hole  Coavuter  Printout 
suggests  the  cause  as  side  loading  brou^t 
by  operator  handling  (weight  aowent)  on  the  drill 
during  its  duty  cycle.  Owing  to  this  bending 
noMnt,  the  drill  translates  to  enlarging  the 
hoi*. 


b.  Hole  #18.  This  hole  position  was  directly 
adjacent  to  Hole  #17.  It  exhibits  similar 
spurs  of  overslae  at  nearly  tha  smaa  depth  and 
along  Its  0®  axis.  The  ■axJaawa  recorded  defect, 
0.315957",  Is  located  at  plane  #8.  Cause  Is 
identical  to  Hole  #17. 
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c.  Hole  #19  exhibit!  an  overilce  lob*  on  Its  45^ 
exit  raferenc!  at  a  depth  of  0.70"  Inside  the 
hole  and  la  eontlnuoualy  ovarslsa  until  It  exits 
the  structure.  The  overslse,  0.316414",  begins 
at  plane  #11  and  with  slightly  varying  magnitude, 
continues  to  the  end  of  the  hole.  The  affect  of 
side  loading  la  also  apparent  (but  not  out  of 
tolerance)  along  the  Cr  axis. 

d.  Hole  #20.  This  hole  position  was  directly 
adjacent  to  Hole  #19.  It  exhibits  identical 
overslse  lobe  except  that  It  occurs  along  the 
0**  axis  and  Its  adjacent  135^  axis.  The  start 
of  the  overalse  begins  at  a  depth  of  0.30"  Into 
the  hole  and  continues  at  varying  magnitude  to 
the  exit  plane  of  the  hole. 

The  affect  of  side  loading  Is  apparent  along 
the  0-135®  axes. 

e.  Hole  #23.  This  hole,  the  worst  of  the  set, 
presents  a  spiralled  overslse  meandering  between 
the  0®  through  90®  axes  as  depth  In  the  hole  Is 
acquired  from  plane  #1  through  plane  #11.  A 
barrelling  condition,  overslse  In  all  four  (4) 
axes.  Is  apparent  at  planes  #8  through  #11. 

The  largest  overslse  dimension  for  this  set  occurs 
at  plane  #9  (0^316^88")  on  the  0®  axis.  Side 
loads  In  the  0®-45®  axes  are  predomlnent  on  this 
hole. 

f.  Hole  #24  ejdilblts  only  one  (1)  spot  out  of 
tolerance.  It  occurs  at  plane  #10  and  la 
recorded  at  0.313526"  on  the  45^  axis.  This 
spur  is  a  very  insignificant  In  Itself;  hovever, 
stu«:  rf  t^e  Hole  Profile  discloses  that  enlarae- 
mant  ..s  occurring  In  the  vicinity  of  planes  10 
throng  12. 

g.  Holes  #25  and  #27  reveal  similar  spikes  to  that 
of  Hole  #24. 

Ten  (10)  under  else  holes  via  Desoutter  Method.  The 

under  else  conditions  are  the  result  of  the  0.3115" 

reaiser  slse. 

a.  Hole  #27  eidilblts  the  greatest  amount  of  under- 
slse  by  record  of  0.311457"  idilch  occurs  at  the 
entrance  of  the  hole  and  gradually  ttslargss  with 
depth.  Again,  at  plane  #12,  an  enlarged,  out 
of  tolerance  condition  Is  present  owing  most 


probably  to  «hip  load  binding  ataea  aU  MS£ 
ara  affactad. 


b. 


Xha  raaMlalng  undaralze  holes »  Idantlflad  as 
Holes  #19,  #21.  #22,  #23,  #24,  #25,  #26,  #28 
and  #29  ara  characteristically  identical.  They 
ara  undarsise  at  the  start  of  drilllng/raaaiing 
and  acquire  a  slca  approaching  the  acceptable 
Units  (0.3125‘70.3155")  as  depth  is  achieved. 
The  affect  of  operator  side  loading  is  also  a 
co—on  characteristic. 


HOTE;  The  characteristics  discussed  at  B.  throu^  I.  in  the  foll^ing 
-  text  is  conon  to  both  nathods  of  production  unless  otherwise 

■tated. 


B.  Ovality: 


Hole  #19  revealed  a  waxlnw  ovality  within  the  set  and 
ygg  YMordad  at  a  nagnltuda  of  Os 003698”  at  Laval  #17 
on  the  45®- 135°  axes.  Ovality  was  Induced  by  operator 
side  loads  as  described  In  Desoutter  Method,  Item 
III.  A.  1.  a.  and  III.  A.  1.  c. 


On  the  holes  produced  by  the  Desoutter  Method,  ovality 
was  affected  by  the  overslse  conditions  reported  for 
these  holes. 


The  Quackenbush  Method  produced  holes  whose  ovality 
feature  was  much  less  severe.  Hole  #2,  the  only  over¬ 
slse  hole  of  this  »sthod  disclosed  a  naxlmim  ovality  at 
0.002009"  at  the  0°-90°  axes  and  occurring  at  plane 
level  #13.  This  Is  the  area  affected  by  the  side  load 
gouging. 

The  remainder  of  the  Quackenbush  holes  recorded  values 
as  low  as  0.000259"  for  Hole  #2  through  a  maximum  of 
0.001914"  at  Hole  #13.  Ovality  was  not  a  cause  for 
concern  on  this  series  of  holes. 


C.  Perpendicularity:  Fixturlng  assures  perpendicularity  of  the  holes 
with  regard  to  the  structure.  Several  holes  of  this 
g0flcg  were  large  enough  to  permit  gaging  using  the 
lOX  magnification  Asimuth/Angle  Gaging  Device.  These 
}iolwg  were  verified  to  be  nonul  to  the  longitudinal 
axis  of  the  hole  with  regard  to  the  drilled/reamed 
structure. 


D.  Stral^tness;  Straightness  Is  within  Engineering  design  tolerance 
as  indicated  by  profile  analyses. 
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E.  Barrelling:  Hole  #3  exhibits  an  extremely  shallow  barrelling.  Hole 

#13  provides  a  general  profile  of  barrelling  to  a  slight 
degree.  It  is  erratic  and  most  probably  the  result  of 
chip  loading  on  this  hole  since  the  barrelling  enlarge¬ 
ment  is  evident  in  all  axes.  Some  evidence  of  side 
loading  is  also  apparent;  reference  spikes  in  the  profile 
data. 

F.  Bellmouthing:  Evident  in  subtle  amounts  as  indicated  by  Holes  #1, 

#15,  #25  and  #26.  The  condition  is  minor  and  in  all 
cases  does  not  exceed  the  allowable  Engineering  tolerance. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of  holes 
exhibited  a  very  good  Interior  wall  texture.  There  was 
only  an  occasional  very  shallow  angle  rifling  when 
Inspected  by  Sight  Pipes  at  3X  magnification.  Rifling 
generally  was  apparent  where  sideload  gouging  resulted 
in  the  oversize  conditions.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these  holes. 

This  set  of  holes  was  drilled  throu^  one  solid 
structural  member  and  was  deburred  satisfactorily  in 
the  normal  process  plan  work  instructions. 

Finish:  All  holes  of  this  set  exhibited  a  surface  finish  of  | 
"100  Aa"  or  better.  Optical  surface  comparator  was  used  i 
in  this  Inspection.  Surface  was  smooth  and  shiny  except 
where  gouging  via  side  loads  was  apparent. 


H.  Burrs: 


I.  Surface 
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I  iV/r*  ‘'i*^  in  lit 


DRILL  METHOD  S>2 


RANKING  NUMBER  76* 
HOLE  SIZE!  0.3090*70. 3110" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  feetures  drilling  end  reaming  of  an 
Aircraft  Wing  Splice  Installation.  The  structure  Is  the  left 
hand  wing  top  and  bottom  panels.  The  area  for  hole  survey  Is  the 
Inboard  row  of  5/16"  fasteners  Identified  WZ  10  (HL19PB;  HlLok 
Flush  Bolts),  located  1.86"  Inboard  from  the  toe  of  the  main 
splice  forging.  The  assembly  la  approximately  0.75"  thick  In  the 
area  being  surveyed  and  the  subject  holes  are  slsed  per  planning 
at  0.3090"/0.3110". 

II.  SIDMARY: 


A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for  survey. 

The  method  of  production  featured  preliminary  Spacematlc  drilling 
of  the  structure  followed  by  hand  reaming  of  the  holes  to  achieve 
final  Engineering  else.  Measurement  data  was  accumulated  at  forty- 
four  (44)  locations  within  each  hole  via  "thru-hole"  air  probe. 

B.  Reference  Executive  Summary  by  Data  Lot.  This  set  discloses  a 
measurement  distribution  whose  arithmetical  average  Is  0.310470" 
for  the  set  of  twenty-nine  (29)  holes.  Normally  the  aforenoted 
average  would  be  considered  an  acceptable  feature  since  It  resides 
within  the  parameter  of  the  high  limit  of  the  Engineering  tolerance 
range;  however,  there  Is  an  adverse  Inherent  "bellmouth"  characteristic 
throughout  this  series  of  holts. 

Owing  to  the  bellmouth  feature,  79X  of  the  holes  of  this  set  exceed 
the  0.3110"  high  limit. 

Specific  discussion  on  the  geometric  characteristics  of  the  holes, 
Includ-'nflc  the  exception  above,  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides 
composite  clues  traceable  to  the  following  for  the  production  of 
these  holes: 


*  DRILL  METHOD  CODING:  S-2  -  Spacematlc,  Hand-held  reaming. 
Spacematlc,  air  driven  power  unit  w/hand  reaming. 
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1.  Custom  designed  fixturlng  ensures  Interchangeability  and 
location  reliability, 

2.  Spacematic,  air  driven  power  unit  produces  preliminary  holes 
prior  to  hand  reaming  to  their  final  Engineering  size. 

3.  Reaming  is  accomplished  via  hand-held  air  powered  drill  motor 
driving  a  piloted  reamer  to  acquired  final  hole  size  at 
0.3090"/0.3110". 

4.  Planning  is  very  good,  providing  adequate  work  Instructions 
and  definition  of  inspection  requirements. 

III.  CHARACTERISTICS ! 

A  Hole  Size:  1276  data  measurements  were  accrued  for  the  series 

of  twenty-nine  (29)  holes.  The  arithmetical  average  for 
the  set,  0.310470",  is  deceptive  in  the  face  of  an 
inherent  bellmouth  feature  exiting  on  the  holes. 

1.  Reference  Individual  Hole  Computer  Printouts. 

The  bellmouth  feature  exists  at  the  entrance  plane 
of  the  holes  which  is  the  outer  surface  of  the  wing 
in  regard  to  the  direction  of  drilling  and  proceeds 
at  a  diminishing  taper  rate  until  an  in-tolerance 
mode  is  achieved.  Generally,  this  condition  is 
not  acquired  until  the  operator  is  307.  or  more  through 
the  assembly  stack. 

Note:  Holes  through  #22  are  on  L.H.  Bottom  Panel. 
Hcles  yA23  through  #29  are  on  L.H.  Top  Panel. 

2.  Reference  Individual  Hole  Computer  Printouts  for  Holes 
#1,#3,#4  and  #7  through  #15. 

The  above  noted  twelve  (12)  holes  are  oversized  in  a 
bellmouth  mode  on  all  axes  of  measurement  and  diminish 
at  a  relatively  consistent  rate  as  depth  in  the  hole 
is  achieved. 

The  condition  is  suggestive  of  chatter  (center- seeking) 
of  the  reamer  pilot  since  all  axes  are  equally  affected 
on  magnitude. 

Reference  note  #1  on  page  4. 

3.  Reference  Individual  Hole  Computer  Printouts  for 
Holes  #16 ,#27  and  #29. 

These  holes  exhibit  the  affect  of  operator  side  load¬ 
ing  during  the  hand  reaming  operation.  Operator 
instability  on  hand  operations  is  distinguished  by 
hole  enlargement  along  the  axls/or  adjacent  axes 
where  the  load  was  applied  as  illustrated  by  the 
Computer  Profile  Data! 
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B.  Ovality: 


Hole  Axls/Axes  Affected 

16  0°-45°-90® 

27  0°-135° 

29  90°-135° 


4.  Reference  Executive  Sunmary  Histogram. 

The  data  profile  for  this  set  populates  the  entire 
tolerance/oversize  zones  and  features  various  spikes. 
The  data  is  Indicative  of  the  hole  variations  exper¬ 
ienced  via  the  bellmouth  feature  discussed  in  the 
aforementioned  text.  Additionally,  there  is  an 
inherent  instability  associated  with  hand-held 
drlll/reamlng  operations  when  assist  tooling  is 
not  employed  to  help  control  alignment. 


Maximum  recorded  ovality  within  the  set  occurred  at 
Hole  #27  and  discloses  a  value  of  0,003379"  at  plane 
level  #11  on  the  45°-135°  axes.  Enlargement  ovality 
at  this  plane  of  measurements  results  from  side  loads 
induced  via  operator  instability  during  reaming  result¬ 
ing  in  enlargement  along  the  135°  axis.  The  affect  of 
operator  side  loading  has  been  discussed  in  the 
narrative  per  item  III. A. 3. 

Ovality  is  affected  by  the  taper  and  operator  side 
load  on  these  holes  and  its  magnitude  a  function  of  the 
oversize  conditions. 


C.  Perpendicularity:  Absence  of  an  appropriate  plug  to  accommodate  this 

hole  size  would  not  permit  inspection  via  the  Azimuth/ 
Angle  Gaging  Device;  therefore,  verification  of  perpen¬ 
dicularity  was  accomplished  by  sample  fastener  installa¬ 
tion  and  head  gap  inspected.  The  longitudinal  axis  of 
the  holes  is  normal  (90°)  to  the  skin  outer  surface 
and  acceptable  to  established  Engineering  Criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  profile  analyses. 

E.  Barrelling:  None-existent  as  evidenced  by  profile  analyses. 
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F.  Bellmouthlng:  Evident  throughout  this  set  In  varying  amounts  as 

Indicated  per  item  III.A.l.  through  item  Ill. A. 3. 

The  holes  of  this  group  exhibit  the  bellmouth/ taper 
condition  at  their  entrance  plane  of  drilling  and  ream¬ 
ing.  Cause  has  been  related  to  "center-seeking" 
resulting  from  hand  reaming  Instability. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of 

holes  exhibited  a  very  good  Interior  wall  texture. 

There  was  only  very  shallow  angle  rifling  when 
Inspected  by  Sight  Pipes  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical  scoring  In  these 
holes. 

H.  Burrs:  This  set  of  holes,  drilled  through  stack-up  of  skin 

panel,  shim  and  splice  forging,  was  deburred  satis¬ 
factorily  In  the  normal  process  plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 

of  "100  AA"  or  better.  Optical  surface  comparator 
was  used  In  this  Inspection.  Surface  was  smooth  and 
shiny. 
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DRILL  METHOD  H-2 


RANKING  NUMBER  77  * 
HOLE  SIZE:  0.247'70.250" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  the  Fuselage  Side  Panel  to  Frame  Structure.  The  struc¬ 
ture  is  aluminum  skin  and  frame  whose  combined  thickness 
is  approximately  0.250"  at  the  area  to  be  drilled  and 
reamed.  The  hole  being  inspected  is  sized  at  0.247"/ 
0.250"  by  Engineering.  Owing  to  this  structure  thickness 
combination  only  four  (4)  measurements  (one  plane  level) 
was  taken. 

II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure 
for  inspection.  The  material,  a  combination  of  aluminum 
(skin  to  frame),  was  inspected  by  "thru-hole"  air  probe. 
Measurements  were  taken  by  air  probe  penetration  from 
outside  the  structure  and  progressing  inboard  toward  the 
frame.  The  method  for  drill  and  reaming  was  hand  held 
air  motor  and  hand  held  guide  bushing  accessory  tooling. 

The  computer  data  Statlfetical  Printout  for  this  series  of 
holes  provides  a  composite  traceable  to  the  following 
for  the  production  of  good  holes: 

1.  Custom  flxturlng  was  not  required  to  locate  the 
holes . 

2.  Hand  held  drill/reaming  method  and  accessories  were 
adequate  to  produce  a  good  set  of  holes. 

3.  Planning  is  excellent  for  inspection  traceability  on 
holes . 

*  DRILL  METHOD  CODING:  H-2  =  Hand-held  Drill  and  Reamer 
Hand-held  drlll/reamlng  and  accessories. 
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II.  A.  (Continued) 


4.  Good  tooling  on  a  planned  periodic  refurbish  program, 
coupled  with  the  mandatory  requirement  for  technician 
to  draw  new  and/or  currently  refurblshed/relnspected 
drills  and  reamers  from  production  tool  cribs  for 
use  on  the  iob  Is  evident  In  product  quality. 

5.  Morale  among  production  personnel  Is  high.  The 
attributes  of  pride  and  craftsmanship  are  evident 
In  the  quality  of  work  produced. 

III.  CHARACTERISTICS; 

A.  Hole  Size:  Twenty  (20)  of  the  holes  were  within  the 

allowable  Engineering  criterion  of  0.247"/ 
0.250".  Holes  are  Individually  excellent 
on  size.  Measurements  taken  at  4  loca¬ 
tions  within  each  hole  yield  an  average 
value  of  0.248960".  Hole  //4  only  was 
oversize  In  the  0  -90  axes  and  also  In 
the  45°-135°  axes.  All  other  Hole  //4 
measurements  disclose  an  oversize  condi¬ 
tion  of  0.001638".  The  cause  for  over¬ 
size  and  ovality  Is  construed  to  be  the 
result  of  Instability  on  the  hand  held 
bushing  guide  during  reaming. 

Tiie  trend  In  measurements  in  indicative 
of  tooling  producing  Ideal  holes  since 
the  yield  of  all  measurements  provides 
an  average  size  of  0.248960",  tending 
toward  the  midpoint  of  the  tolerance 
spread . 

B.  Ovality:  Maximum  recorded  ovality  within  the  set 

was  0.002233"  at  Hole  #5.  Individual 
holes  within  this  set  (4  measurements 
per  hole)  ranged  to  as  low  as  0.000000" 
at  Hole  // 1 1 . 

Ovality  at  Holes  #1,  2,  3,  4,  6,  7,  8 
and  24  was  very  slight.  Maximum  ovality 
0.002198"  occurred  at  Hole  //24.  The 
least  oval  condition  of  these  listed 
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III.  B.  (Continued) 


C.  Perpendicularity 

D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthing : 

G.  Hole  Texture: 

H.  Burrs: 

I.  Surface  Finish: 


holes  occurred  at  Hole  #4  and  was  re¬ 
corded  at  0.000828"  on  the  0°-90°  axes 
and  0.0000733"  at  the  45°-135°  axes. 

The  cause  for  the  slight  ovality  within 
this  set  of  holes  is  considered  the 
result  of  Instability  on  the  hand  held 
bushing  guide  for  reaming.  Ovality  is 
predominately  at  the  start  (entrance) 
to  the  hole,  and  is  very  slight. 

Refer  to  Computer  Printout. 

:  Material  thickness  combination  was 

too  thin  to  obtain  an  accurate  perpen¬ 
dicularity  measurement.  Fastener 
Insertion  visual  check  was  satisfactory. 

Straightness  is  within  Engineering 
design  tolerance  as  indicated  by  the 
profile  analyses. 

None  evident  as  Indicated  by  the  profile 
ana  lyses . 

None  evident  as  indicated  by  the  profile 
analyses . 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture  when  inspected  by 
Sight  Pipes  at  3X  magnification.  There 
were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

This  set  of  holes  was  drilled  and  reamed 
by  hand  method  and  was  deburred  satis¬ 
factorily  in  the  normal  process  plan 

All  holes  of  this  set  exhibited  a  sur¬ 
face  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  Q-1 


RANKING  NUMBER  78  * 

HOLE  SIZE:  ** 

**0.248"/0.250"  for  Holes  #3  thru  #22 
**0.250"/0.254"  for  Holes  #1,  2;  23  thru  #29 


I.  OVEK^'IEW: 


A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  a  Floor  Beam.  The  structure  is  a  heavy  aluminum 
"Hat  Section"  of  varying  thickness.  Holes  of  the  set 
were  sized  by  Engineering  at  0. 248"/0. 250"  and  0.250'/ 
0.254".  Inspection  was  performed  using  a  "thru-hole" 
air  probe  with  results  automatically  recorded  for 
computer  printout.  Twenty-nine  (29)  holes  were  surveyed 
in  this  set. 

II.  SUMMARY : 

A.  A  processing  problem  was  discovered  during  the  measure¬ 
ment  inspection  of  this  set  of  holes.  The  Host  Facility 
Escort  was  on  the  scene  and  witnessed  the  discovery  of 
the  characteristic  of  tapered  holes  and  the  pursuit  to 
conclusion  of  the  cause.  Details  of  the  specific  pro¬ 
blem  of  tapered  holes  is  discussed  in  paragraph  III. A. 

The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  a  composite  traceable  to  the  follow¬ 
ing  for  the  production  of  the  holes: 

].  Custom  fixturing  was  required  to  locate  the  holes 
for  drilling. 

2.  Quackenbush  and/or  Desoutter  manual  rack  feed 
drilling  method  and  accessories  were  used  to  produce 
these  holes. 

3.  Hand  held  air  motor  reaming  method  for  reaming  only. 

*  DRILL  METHOD  CODING:  Q-1  =  Quackenbush,  Hand-held  Air  Power 

Reamer. 

Quackenbush,  Desoutter  manual  rack  feed  drilling  and  accessories. 
Hand-held  air  motor  reaming  method. 
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II.  A.  (Continued) 


Note:  Method  inadequate  to  produce  acceptable  holes 

in  the  0. 248"/0.250"  size.  The  objectionable 
characteristic  also  was  present  in  the  0.250"/ 
0.254"  size  but  remained  within  Engineering 
tolerance.  Item  is  discussed  in  paragraph 
III. A. 

4.  Planning  is  excellent  for  inspection  traceability 
on  holes. 

5.  Planned  periodic  refurbish  program,  coupled  with 
the  mandatory  requirement  for  technician  to  draw 
new  and/or  currently  refurbished/reinspected 
drills  and  reamers  from  production  tool  cribs  for 
use  on  the  job  in  all  probability  prevented  item 

//3  above  from  escalating  to  a  more  serious  problem. 

6.  Morale  among  production  personnel  is  high.  The 
attributes  of  pride  and  craftsmanship  are  evident 
in  the  quality  of  work  produced. 

Note:  The  technician  responsible  for  production 

of  these  holes  was  truly  concerned  over 
the  fact  that  his  job  station  showed  a 
consistent  oversize  hole  condition.  He  ex¬ 
pressed  a  desire  to  pursue  corrective  action 
liaison  with  tooling/supervisory  personnel 
to  eliminate  the  problem. 

III.  CHARACTERISTICS : 

A.  Hole  Size:  0.248'70.250"  is  effective  for  Hole  //3 

thru  //22  inclusive.  All  except  Holes 
iHO,  #13,  #14  and  #15  exceeded  the 
Engineering  size  criterion  in  varying 
amounts  to  a  maximum  of  0.003819"  at 
Hole  #18.  Reference  to  the  Computer 
Printout  discloses  a  "cone  effect", 
constant  in  characteristic  from  the 
last  plane  of  measurements  (largest 
readings)  toward  the  first  measurement 
plane  (smallest  readings)  of  these 
holes.  Upon  discovery  of  this  trend 
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III.  A.  (Continued) 


the  Hole  Survey  was  momentarily  stopped 
to  pursue  an  investigation  for  probable 
cause  of  the  taper  phenomenon.  The 
investigation  concluded  as  follows: 

1 .  The  operator  drilled  this  set  of 
holes  from  a  custom  designed  fixture 
specific  for  this  structure. 

2.  Drilling  was  accomplished  per  para¬ 
graph  II. A. 2  method.  The  face  of 
the  part  subject  to  the  drill  first 
contact  (entry  point)  was  opposite 
from  the  direction  that  air  gage 
measurements  were  taken.  Therefore; 
on  the  data  printout  for  the  hole 
profile  the  strip  chart  bottom 
plane  is  the  entrance  plane  for 
actual  drilling  and  subsequent 
reaming. 

3.  The  part  after  drilling  is  removed 
from  the  fixture  and  hand  reamed 
by  hand-held  air  motor. 

4.  Reaming  was  performed  without  aid 
of  accessory  tooling  and  the  part's 
drilled  hole  acting  as  the  reamer 
alignment  guide.  Subtle  movement 
by  the  technician  resulted  in  out 
of  tolerance  tapered  holes.  Refer 
to  the  Computer  Printout  for 
specific  details  on  actual  measure¬ 
ments  per  hole. 

Hole  Size:  0.250"/0.254" 

The  same  taper  characteristic  inherent 
in  the  0.248"/0. 250"  persists  in  the 
larger  holes.  Owing  to  the  greatest 
tolerance  spread,  the  0.250"/0. 254" 
holes  are  within  Engineering  criterion. 
The  taper  runs  to  varying  depths  in 
excess  of  one  half  inch. 
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III.  (Continued) 
B.  Ovality: 


C.  Perpendicularity 

D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthlng : 

G.  Hole  Texture: 

H.  Burrs: 

I.  Surface  Finish: 


Maximum  recorded  ovality  within  the  set 
was  0.000319"  at  hole  //18.  Individual 
holes  within  this  set  (generally  40 
measurements  per  hole)  ranged  to  as  low 
as  0.000086"  at  Hole  #10. 

The  cause  for  the  slight  ovality  within 
this  set  of  holes  Is  considered  the 
result  of  operator  side  loads  during 
hand  held  power  drill  in  the  reaming 
operation. 

Assured  by  custom  fixturing  to  0° 
after  drill.  Parts  after  free  hand 
reaming  within  ^  Engineering  tolerance. 

Straightness  is  within  Engineering 
design  tolerance  as  indicated  by  the 
profile  analyses. 

None  evident  as  indicated  by  the 
profile  analyses. 

All  holes  contain  bellmouth  (taper) 
evident  as  indicated  by  the  profile 
analyses . 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifling 
when  inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these 
holes . 

This  set  of  holes  was  drilled  and  reamed 
through  one  solid  flange  and  was  deburred 
satisfactorily  in  the  normal  process 
plan  work  instructions. 

All  holes  of  this  set  exhibited  a 
surface  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used 
in  this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  S-1 


RANKING  NUMBER  79  * 

HOLE  SIZE:  0. 1860"/0. 1900" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  of  the 
Rear  Spar  Installation,  Lower  Surface,  between  Wing 
Stations  66.0"  and  90.0",  on  the  Spar  Forward  Leg.  The 
structure  is  an  all  aluminum  stack  consisting  of  the 
rear  spar  flange  and  the  lower  skin  panel.  The  approx 
Imate  thickness  in  the  area  to  be  surveyed  is  0.625". 

The  subject  hole  is  sized  by  Engineering  at  0.1860"/ 

0.1900"  for  installation  of  Hi-Lok  flush  head  bolts. 

II.  SUMMARY : 

twenty-nine  (29)  holes  were  available  in  this  structure 
for  Inspection.  The  method  of  production  was  planned 
for  Spacematic  drill;  however,  owing  to  inaccessibility 
in  the  assembly  fixture  the  following  method  was  used: 

Holes  //I  through  if9 . Behind  pole . Hand  drilled 

Holes  #10  through  #17 - accessible . Spacematic  drilled 

Holes  #18  through  #26 - Behind  pole . Hand  drilled 

Holes  #27  through  #29 - accessible . Spacematic  drilled 

The  hand  drilling  operations  utilized  a  hand-held  guide 
bushing  with  a  5/8"  engagement  length. 

Spacematic  utilized  normal  tooling  referenced  in  plan¬ 
ning.  Freon  coolant  was  used  in  both  drilling  methods 
as  lubrication  fluid. 

Inspection  measurements  were  obtained  by  "thru-hole" 
air  probe. 


*  DRILL  METHOD  CODING:  S-1  =  Spacematic,  One-shot,  No  reaming. 
Spacematic  drilled  and  hand  drilled. 
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II.  (Continued) 


III. 


« 


B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  is  0.187980"  for  the  set  of  twenty-nine  (29) 
holes.  This  value  is  a  very  good  feature  since  it  re¬ 
sides  at  the  mid-point  vicinity  of  the  Engineering 
tolerance  range.  Two  (2)  holes,  identified  Hole  #17 
and  #27,  are  oversize  approximately  at  the  midpoint  area 
of  the  length  of  the  hole.  All  other  holes  of  this  set 
meet  the  criterion  established  by  Engineering.  Specific 
discussion  on  the  geometric  characteristics  of  the  holes 
are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  ser ‘  ’s  of 
holes  provides  composite  clues  traceable  to  the  follow¬ 
ing  for  the  production  of  these  holes: 

1.  Custom  designed  fixturing  ensures  interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Spacematic ,  air  powered  drill  and  accessory  tooling 
produces  generally  good  "one-shot"  holes  at  assembly. 

J.  Hand-held,  air  powered  drill  and  hand-held  guide 
bushing  used  on  this  set  only  produced  holes  of 
good  quality. 

4.  Planning  is  very  good,  providing  adequate  work 

instructions  and  definition  of  inspection  requirements. 

CHARACTERISTICS: 

A.  Hole  Size:  812  data  entries  were  accrued  for  the 

series  of  twenty-nine  (29)  holes.  The 
arithmetical  average  for  the  set  is 
0.187980"  as  evidenced  per  the  Execu¬ 
tive  Summary  by  Data  Lot. 

1.  Holes  #17  and  #27  are  the  only  holes 
of  this  set  exhibiting  an  oversize 
condition.  Both  of  these  holes 
were  produced  by  the  Spacematic 
method.  Both  holes  are  the  first 
accessible  following  an  interference 
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III.  A.  1.  (Continued) 


condition  experienced  on  the  fixture. 
They  have  similar  features  of  hole 
enlargement  at  all  axes  of  measure¬ 
ment  and  are  somewhat  barrelled. 

Chip  load  Is  suggested  as  cause 
for  enlargement  on  Hole  //17  to  a 
maximum  recorded  value  of  0.000571" 
at  plane  level  on  its  0  axis. 
Review  of  the  Individual  Profile 
for  Hole  //17  discloses  the  slight 
oversize  to  be  nearly  the  full 
Jength  of  the  hole. 

Hole  #27  is  very  similar  to  Hole 
#17.  Although  the  aforenoted  holes 
*  were  the  only  specimens  to  exceed 
the  Engineering  tolerance,  scrutiny 
of  the  measurement  patterns  of  all 
holes  produced  via  the  Spacematlc 
drill  are  consistently  larger  than 
the  hand-drilled  holes. 

2.  Technique  comparison  via  Individual 
Computer  Printout  reveal  the 
following  measurement  range: 

Hand 


Drilled 

Range 

Spacematlc 

Range 

#1 

0.000820" 

#10 

0.002112' 

#2 

0.000371" 

#11 

0.001103' 

#3 

0.000422" 

#12 

0.002026' 

#4 

0.000724" 

#13 

0.002784' 

#5 

0.000560" 

#14 

0.00289?' 

#6 

0.001034" 

#15 

0.002276' 

#7 

0.000767" 

#16 

0.000991' 

#8 

0.000853" 

#17* 

0.002442' 

#9 

0.000595" 

#27* 

0.003345' 

#18 

0.000647" 

#28 

0.002095' 

#19 

0.000543" 

#29 

0.000942 

#20 

0.000871" 

#21 

0.001042" 

#22 

0.000707" 

#23 

0.000483" 
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III.  A.  2.  (Continued) 


Hand 
Drilled 
//24 
//24 
//25 
//26 

Note;  The  only  oversize  holes  of  the  set 
set  are  identified  (*)  above. 

Hand  drilling  is  consistently 
smaller  than  the  Spacematic 
drilled  holes.  Most  probable 
cause  for  this  feature  is  a 
closer  fit  between  the  drill  bit 
and  drill  bushing  on  the  hand 
drilled  holes.  Close  tolerance 
on  the  bushing  prevented  wobble. 

At  the  same  time,  the  hand-dril¬ 
led  holes  reveal  a  taper  or  bell- 
mouth  (very  minute)  most  con¬ 
sistently  at  their  exit  planes 
(see  Holes  //3,  #4,  //5,  #6,  //9 
#18,  #19,  #20)  whereas  the  Space¬ 
matic  holes  are  generally  larger 
with  the  bellmouth/taper  feature 
at  their  entrance  planes  of  dril¬ 
ling.  Slight  wobble  is  sugges¬ 
ted  on  the  spacematic  and  chip 
load  beginning  to  build  up  at 
the  exit  planes  for  the  hand 
drilled  holes. 

B.  Ovality  Maximum  recorded  ovality  within  the  set 

occurred  at  Hole  #6  and  recorded  at 
0.000914"  at  Level  #1  on  the  45°-135° 
axes. 

Ovality  was  not  a  cause  for  concern  on 
this  set.  Reference  to  Individual  Hole 
Computer  Printout  discloses  all  holes 
to  be  extremely  good  on  the  ovality 
measurements.  None  of  the  holes 
exceeded  the  Engineering  Criterion. 
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111.  (Continued) 

C.  Perpendicularity:  Hole  size,  on  the  low  side  of  the 

tolerance,  would  not  permit  inspection 
via  the  Angle/Azimuth  Gaging  Device, 
therefore  verification  of  perpendicu¬ 
larity  was  verified  by  sample  fastener 
installation  and  head  gap  inspected. 

The  holes  were  normal  to  the  long¬ 
itudinal  axis  of  the  holes  and  accept¬ 
able  to  established  Engineering  Criterion. 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by 
profile  analyses. 

E.  Barrelling:  Hole  #27  Individual  Profile  reveals 

a  very  subtle  barrelling  feature.  Drill 
wobble  is  suspected  as  the  cause  for 
the  geometric  configuration  of  this 
hole.  The  feature  is  subject  for  engin¬ 
eering  review  with  Hole  #17,  also 
slightly  oversize. 

F.  Bellmouthlng:  Evident  in  very  subtle  amounts  as 

indicated  by  Holes  referenced  in  tha 
note  at  item  111. A. 2.  Various  other 
holes  of  this  set  exhibit  the  same  con¬ 
dition  at  their  entrance  plane  of 
drilling;  however,  none  of  the  condi¬ 
tions  exceed  the  allowable  Engineering 
tolerance. 

G.  Hole  Texture:  Rifling,.  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very 
good  interior  wall  texture.  There  was 
only  an  occasional  very  shallow  angle 
rifling  when  inspected  by  Sight  Pipes 
at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring  in 
these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  through  a 

laminated  stack  and  was  deburred  satis¬ 
factorily  in  the  normal  process  plan 
work  instructions. 
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III.  (Continued) 


I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  of  "100  AA  or  better. 
Optical  surface  comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  H-3 


RANKING  NUMBER  80* 
HOLE  SIZE:  0.245'70. 248" 


I.  OVERVIEW 

A.  An  automated  measuring  system  utilizing  a  thru-hole 
air— probe  coupled  to  a  Hewlett  Packard  9815A  Pro¬ 
grammable  Calculator  was  used  to  accumulate,  store  and 
produce  a  Computer  Statistical  Printout  of  each  hole  of 
this  set.  The  Computer  Statistical  Printouts  of  in¬ 
dividual  holes  provide  composite  clues  leading  to  dis¬ 
closure  of  the  geometric  features  of  the  holes  related 
to  their  measurement  profiles. 

II.  SUMMARY 

A.  Eighteen  (18)  holes  were  available  in  the  noted  aircraft 
for  survey  inspection  on  a  non-interference  basis.  Only 
the  manufacturer  installed  fasteners  were  removed  and 
the  holes,  in  a  virgin  condition,  were  measured  and 
inspected.  Interference  fit  of  the  initial  fastener  in¬ 
stallation  and  removal  resulted  in  splayed  material  ab¬ 
rasion  lines  running  longitudinal  to  the  holes  along 
their  sidewalls.  Occasional  shallow  angle  rifling  not 
in  excess  of  the  125AA  machine  finish  was  apparent  in 
several  holes.  Clamp-up  was  good  owing  to  the  proxi¬ 
mity  of  installed  adjacent  fasteners  remaining  in  the 
structure, 

B,  Tolerance  criterion  of  0,245000"/0. 248000"  was  arbit¬ 
rarily  established  as  measurement  limits  for  these  holes 
for  purpose  of  collecting  computer  data  via  thru-hole 
airprobe.  Depending  on  structure  thickness,  a  minimum 
of  (20)  and  a  maximum  of  twenty-eight  (28)  measurement 
data  locations  were  accrued  for  each  hole  to  establish 
profile  characteristics  of  the  specimens  and  reveal 
their  geometric  features. 

*  DRILL  METHOD  CODING:  H-3  Hand  Held  Drilling,  Cold  Worked 

Hand  Held  Reaming 
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III. 


CHARACTERISTICS: 


A.  Hole  Size:  A40  data  measurements  were  accrued  for 
the  series  of  eighteen  (18)  holes.  Reference,  Exec¬ 
utive  Summary  by  Data  Lot  discloses  an  arithmetical 
average  of  0.249632"  for  this  set.  This  Is  an  accept¬ 
able  feature  for  these  holes  since  the  manufacturers 
design  criterion  Is  0. 2460"/0. 2500"  for  the  one  quarter 
Inch  size  Flush  Hl-Lok  Fasteners. 

All  of  the  holes  except  Hole  #15  are  considered 
acceptable  per  data  analysis.  However,  there  Is  a 
very  minute  and  shallow  bellmouth  condition  at  the 
entrance  plane  of  the  holes.  Reference  to  Individual 
Hole  Computer  Profile  Printout  reveals  a  magnitude 
generally  less  than  0.001"  and  disappearing  after 
0. 125"/0.187"  depth  In  hole  Is  achieved. 

There  Is  also  a  classifying  characteristic  evident 
In  the  data  by  the  Individual  Hole  Computer  Print¬ 
outs  as  follows: 

1.  Holes  #1  thru  #8;  all  from  the  aircraft  center 
spar  area,  are  very  slightly  smaller  In  diameter 
than  Holes  #9  thru  #18,  which  are  from  another 
aircraft  along  Its  front  spar. 

2.  Comparison  of  the  data  reveals  the  entire  measure¬ 
ment  population  for  Holes  #1  thru  #8  to  reside 
between  0.247655"  (lowest)  to  0.249534"  (highest). 
Generally,  the  holes  run  0.248"/0.249"  for  size. 

3.  Analysis  of  the  data  for  Holes  #9  thru  #18  reveal 
holes  of  slightly  larger  configuration  and  tend 
to  0.249"/0.250"  for  size. 

4.  The  very  minute  bellmouth  feature  Inherent  In  the 
set  Is  located  at  the  entrance  plane  Immediately 
below  the  countersink  on  Holes  #1,  2,  5,  6,  7,  8, 
10,  14,  15,  16  and  18.  The  most  probably  cause 
for  this  condition  Is  "center-seeking"  of  the 
drill/reamer  on  Initial  production.  It  Is  very 
minor  and  disappears  as  depth  In  hole  Is  achieved. 
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5.  Hole  #15,  the  largest  of  the  set  with  a 
maximum  reading  of  0.252147",  again  is 
attributed  to  the  bellmouth  feature. 

6.  Chip  build-up  resulted  in  a  slight  bell- 
mouth  at  the  exit  vicinity  of  Holes  #9, 

12  and  18. 

7.  Holes  #3,  4  #13  and  #17  exhibit  chip  spikes 
that  are  of  no  consequence  to  the  overall 
quality  of  the  holes  since  they  are  0.0005" 
or  less  in  magnitude. 

8.  Tills  is  a  good  series  of  holes.  The  minor 
features  discussed  in  the  aforementioned 
text  serves  to  apprize  the  reader  of  the 
ability  of  the  computer  to  construct  a 
pictorial  geometric  replica  of  the  holes 
using  very  minute  measurement  differences. 
The  range  variation  in  measurements  from 
largest  to  smallest  reading  exhibited  by 
the  holes  of  this  set  are  as  follows: 


Hole  # 

Range 

Hole  # 

Range 

1 

0.001388" 

9 

0.000603' 

2 

0.000905" 

10 

0.000914' 

3 

0.000578" 

11 

0.001026' 

4 

0.000457" 

12 

0.000940' 

5 

0.000724" 

13 

0.000974' 

6 

0.001121" 

14 

0.002086' 

7 

0.001371" 

15 

0.001845' 

8 

0.000940" 

16 

0.000819' 

17 

0.001948' 

18 

0.000966' 
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B.  Ovality:  Maximum  recorded  ovality  within  the  set 

occurred  at  Hole  iH  and  discloses  a  value  of 
0.000914"  on  the  0°  -  90°  axes.  Ovality  is 
slight  and  does  not  exceed  the  Engineering 
tolerance  criterion  and  is  the  product  of  the 
bellmouth  feature  in  this  hole. 

Ovality  was  not  a  cause  for  concern  on  this 
set.  Reference  to  the  Individual  Hole  Com¬ 
puter  Printout  discloses  all  holes  to  be 
extremely  good  on  ovality  measurements  (gen¬ 
erally  less  than  0.0005").  None  of  the  holes 
of  this  set  exceeded  the  Engineering  criterion 

C.  Perpendicularity:  Hole  size,  below  0.250"  diameter,  would 

not  permit  inspection  via  the  Angle/Azimuth 
Gaging  Device;  therefore,  verification  of  per¬ 
pendicularity  was  accomplished  via  inspection 
of  the  head  to  countersink  nesting  of  other 
fasteners  in  the  structure.  The  holes  were 
normal  to  the  longitudinal  axis  of  the  holes 
and  acceptable  to  established  Engineering 
criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design 

tolerance  as  indicated  by  profile  analyses. 

E.  Barrelling;  Non-existent  as  evidenced  by  profile  analyses 

F.  Bcllmouthing :  Evident  in  very  minute  and  subtle  amounts 

as  indicated  by  holes  references  in  III. A. 
and  Til. A. 4  narrative. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This 

set  of  holes  exhibited  some  abrasion  lines 
running  longitudinal  to  the  holes  and  along 
their  sidewalls  and  occasional  shallow  angle 
rifling  not  in  excess  of  the  125  AA  machine 
finish.  Inspection  was  performed  via  Sight 
Pipe  at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  sharp  scoring  in 
these  holes. 

H.  Burrs:  There  was  no  evidence  of  burrs  in  the  stack- 

up  of  materials  in  the  assembly. 
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I,  Surface  Finish;  All  holes  of  this  set  exhibited  a  surface 
finish  of  125  AA  or  better.  Optical  surface 
comparator  was  used  in  this  inspection.  Sur¬ 
faces,  except  for  the  abrasion  caused  via 
Interference  fit  of  the  fastener,  was  smooth 
and  shiny. 
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DRILL  METHOD  H-2 


RANKING  NUMBER  81* 
HOLE  SIZE  0.190'70.193" 


I.  OVERVIEW: 


A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  the  Tall  Skin  to  Frame  Structure.  The  holes  were  sized 
at  0.190"/0.193"  by  Engineering. 

II.  SUMMARY: 


A.  The  absolute  values  on  the  Computer  Printout,  represent¬ 
ing  the  hole  size  for  this  set.  Is  of  questionable  credit¬ 
ability.  Upon  visual  Inspection  of  the  holes  after  air 
gage  measurements  were  complete  the  following  was  evident: 

1.  Sealant,  gray  In  color  and  of  rubbery  consistency, 
had  migrated  from  the  skin  to  frame  faying  surfaces 
Into  the  holes. 

2.  The  hole  sidewalls  exhibited  a  dull  gray  film  where 
the  reamer  flutes  had  "trowelled"  the  sealant  onto 
the  hole  sidewalls.  Additionally,  a  slight  "bead" 
of  sealant  Impinged  on  several  holes  In  varying 
amounts  from  20°  through  approximately  180°  of  the 
faying  surface  inside  circumference.  Except  for  the 
sizing  creditability,  all  other  characteristics  are 
valid  data  elements  and  are  reported  In  paragraph 

III. 

B.  On  subsequent  sets  of  holes  the  Survey  Team  used  cloth 
and  swabs  to  clear  away  sealant  and  foreign  materials 
prior  to  engaging  in  actual  air  probe  measurements. 

C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  a  composite  traceable  to  the  follow¬ 
ing; 


1.  Custom  fixturlng  was  not  required  to  locate  the 
holes. 

2.  Hand  held  drill/reaming  method  and  accessories  were 
adequate  to  produce  a  good  set  of  b''les. 

3.  Planning  Is  excellent  for  Inspection  traceability  on 
holes. 

4.  Hand  held  drill/reaming  bushing  overriding  a  skin 
thickness  offset  resulted  In  1°  angle  on  hole  per¬ 
pendicularity. 

*  DRILL  METHOD  CODING;  H-2  -  Hand-held  Drill  and  Ream.  Hand-held  drill/ 
reaming  and  accessories  were  adequate. 
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C.  (Continued) 

5.  Morale  among  production  peraonnel  la  high*  Hie  attrlbutea 
of  pride  and  craftamanahlp  are  evident  In  the  quality  of 
work  produced. 

III.  CHARACTERISTICS; 

A.  Hole  slae:  Virtually  all  of  the  holes  of  this  set  Indicated  an 
undersize  condition  at  the  entrance  plane  and  extend¬ 
ing  several  levels  down  Inside  the  hole.  The  measure¬ 
ments  are  undersize  generally  by  only  tenths  of 
thousandths  In  areas  where  the  sealant  la  spread  as 
a  "film".  Where  the  air  probe  encounters  the  "bead” 
of  sealant  the  measurement  Is  In  error  as  much  as 
0.001"  to  0.004043"  as  Indicative  of  Hole  #1.  Sealant 
Impingement  Is  the  cause  for  the  undersize  measurements 
as  stated  In  paragraph  II.A.l  and  .2. 

Five  (5)  holes.  Identified  #2,  #6,  #7,  #15  and  #29 
exhibited  oversize  measurements.  Holes  #2,  #6  and 
#7  were  oversize  at  the  exit  (frame  outlet)  side  of 
the  holes.  Subtle  movement  by  the  operator  coupled 
with  relative  Instability  of  the  reamer  guide  bushing 
Is  the  most  probable  cause  of  the  sliglitly  oversize 
readings.  The  maximum  oversize  readings  for  these 
holes  were  0.193560",  Hole  #2;  0.193190",  Hole  #6  and 
0.193552,  Hole  #7. 

Hole  #15,  oversize  only  at  two  (2)  of  the  four  exit 
plane  measurc’i^'snts  Is  isost  probably  reamer  breakout 
"grab"  and  i  not  cause  for  considering  this  hole  as 
oversize. 

Hole  #29  is  a  consistent  six  ten-thousandths  (0.0006") 
oversize.  Most  probable  cause  for  oversize  on  this 
hole  is  operator  position.  The  noted  hole  was  at  the 
end  of  the  drill  pattern  and  position  on  the  fixture  was 
not  as  coBifortable  using  hand-held  reamer  powerhead 
and  hand-held  guide  bushing. 

NOTE:  During  the  process  of  drlll/reaBd.ng,  the  operator 

performed  a  self  check  of  his  work  by  plug  gage 
Inspection.  He  used  0.1900"/0.1930"  Blade  Plug 
Gages.  We  are  assured  that  the  holes  of  this  set  are 
not  iiyidarelee  as  referenced  per  Computer  Printout 
owing  to  witnessing  the  smchanical  blade-gage  check 
by  the  operator.  The  oversize  conditions  reported 
for  Holes  #2,  #6,  #7  and  #15  Is  not  a  detectable 
characteristic  using  the  blade-gages  and  inspection 
from  the  direction  that  gaging  was  performed.  The 
oversize,  condition  of  th«se  holes  was  very  minute  and 
at  the  exit  side  of  a  relatively  thick  material 
stack-up. 
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B.  Ovality:  Maximum  recorded  ovality  within  the  set  was  0.002940” 

at  Hole  #1.  This  measurement  is  discounted  owing  to 
the  fact  that  the  maximum  ovality  occurred  at  level 
#1  in  the  hole  which  in  reality  is  the  extruded 
sealant  causing  an  obvious  error.  Ovality  is  not  a 
characteristic  for  concern  on  this  series  of  holes 
owing  to  the  sealant  "film”  described  in  paragraph 
XX. A. 1  and  .2. 

C.  Perpendicularity:  All  of  the  holes  running  vertically  along  the 

frame  exhibited  a  1  angle  on  perpendicularity. 

Cause  for  the  1  on.  alignment  was  the  result  of  the 
drl ll/reamer  guide  bushing  overriding  a  thicker  skin 
(approximately  0.030”  offset)  forward  of  the  subject 
holes.  The  guide  bushing  base  "bridged”  the  skin 
offset  resulting  in  a  1  angle  for  drilling/reaming. 
Measurement  for  perpendicularity  was  performed  with 
the  lOX  magnification  Asimuth/Angle  Gaging  Device 
with  magnetically  coupled  Standoff  Bushing  to  avoid 
the  skin  offset. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerance 

as  indicated  by  the  profile  analyses. 

E.  Barrelling:  None  evident  as  indicated  by  the  profile  analyses. 

F.  Bellmouthlng:  Slight  as  indicated  by  the  profile  analyses  and 

most  generally  occurring  at  the  exit  of  the  holes. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  marks.  This  set  of 

holes  exhibited  a  very  good  Interior  wall  texture. 
There  was  only  an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Sight  Pipes  at  3X  magni¬ 
fication.  There  were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

H.  Burrs:  This  set  of  holes  was  drilled  and  reamed  through  a 

stack  and  was  deburred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

X.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish 
of  ”100  AA”  or  better.  Optical  Surface  Comparator 
was  used  in  this  Inspection. 
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DRILL  METHOD  Q-1 
RANKING  NUMBER  82  * 
HOLE  SIZE  O.375'70.379" 


I.  OVERVIEW! 

A.  This  set  of  production  holes  feature  drilling  and  reaming 
of  the  Fuselage  Rear  Spar  Fitting.  The  structure  Is 
aluminum  forgings  (7075-T6  material)  whose  finished 
machined  thickness  la  0.626".  The  subject  hole  is  sized 
at  0.375"/0.379"  by  Engineering. 

II.  SUMMARY: 

A.  Twenty-nine  (.29)  holes  were  available  to  provide  the 
required  sample  size  for  the  survey. 

The  method  of  production  employed  custom  fixturlng  to 
assure  hole  location.  Holes  were  drilled  by  Quackenbush 
air  powered  drill  with  auomatlc  feed.  Reaming  was 
accomplished  in  the  fixture  by  hand-held  air  feed  drill 
motor  powering  a  piloted  reamer  to  obtain  final  hole 
sizing.  Inspection  measurements  were  obtained  by  "thru- 
hole"  air  probe. 

B.  All  of  the  holes  for  this  set  except  one  (1)  are  well 
within  the  tolerance  spread  established  by  Engineering 
and  average  overall  at  the  low  point  range  of  the  toler¬ 
ance.  Reference  to  the  "Executive  Summary  by  Data  Lot" 
reveals  the  average  hole  size  to  be  0.376531",  a  desir¬ 
able  feature  since  the  low  to  high  limit  criterion  is 
0.3 7 5000"/ 0.379000"  respectively.  The  specific  charac¬ 
teristics  for  these  holes  are  discussed  in  detail  at 
paragraph  III.  along  with  Hole  #13,  the  only  oversize 
hole  whose  measurement  range  Is  0.377888"/0. 379500". 

C.  The  computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for 
the  production  of  these  holes: 

*  DRILL  METHOD  CODING:  Q-l  “  Quackenbush,  Hand  held  Air  Power 

Reamer 

Quackenbush,  air  powered  drill  w/auto.  feed.  Reaming  w/hand- 
held  air  feed  drill. 
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II.  C.  CContlnued) 


1.  Cutton  designed  fixture  ensures  Interchsngesblllty 
end  locsClon  rellebillty. 

2.  Qusckenbush  dtill  nethod  end  sccessorlss  producing 
good  holes. 

3.  Hsnd  held  sir  powered  drill  motor  utilising  s  pilot¬ 
ed  resBMir  produces  good  flnsl  sislng  of  this  set  of 
holes. 

4.  Plsnnlng  Is  sdequste  to  ensure  model  end  serial 
number  trsceeblllty  for  assembly  but  is  too  abbre¬ 
viated  to  provide  other  than  "Go"/"No-Go''  gaging 
acceptance  on  holes. 

III.  CHAKACTERISTICS; 

A.  Hole  Size:  The  holes  of  this  set  exhibit  a  charac¬ 

teristic  "seeking"  followed  by  the 
deeper  penetration,  the  better  the 
holes  becoBie  on  size  measurements. 

The  assembly  stacking  in  the  drill/ 
ream  fixture  results  in  a  very  deep 
hole  considering  the  spar  forward  cap, 
spar  web,  aft  cap  and  then  the  for¬ 
ward  and  aft  wing  attach  fittings. 
These  combined  thicknesses  result  in  a 
hole  depth  exceeding  two  (2)  Inches. 
The  assembly  was  at  a  disassembled 
stage  when  subjected  to  the  survey 
Inspection  by  "thru-hole"  air  probe. 

The  following  is  evident. 

1.  Holes  #1  through  #8  are  common  to  one 
(.1)  forging.  The  measurement  popula¬ 
tion  per  Individual  Histogram  is 
clustered  between  the  low-limit  toler¬ 
ance  CO. 375000"/0. 376000")  and  the 
shape  of  the  holes  per  profile  analy¬ 
ses  disclose  them  to  be  largest  at 
the  entrMice  plane  (first  level  of 
measurements  on  the  computer  print¬ 
out);  then,  progressing  relatively 


NOTE:  Only  the 
-1  through  -4 
fittings  were 
Inspected  on 
this  lot  from 
a  disassembled 
spsr. 
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III.  A. 


1. 


(.Continued) 


constant  to  the  snallest  hole  measure¬ 
ments  at  the  exit  plane  of  the  fitting. 

The  "tapering"  phenomenon  results  from 
slight  side  loads  Induced  by  the  oper¬ 
ator  during  reaming  and  first  contact 
"seeking"  of  the  reamer  Into  the  hole. 
Holes  #1,  3,  4,  6  4  7  reveal  a  spur 
enlargement  at  the  exit  plane  or  one 
(1)  plane  prior  to  reamer  exit  of  the 
hole.  This  spur  Is  suggestive  of  a 
new  starting  chip  from  the  web  gouging 
the  fitting  as  It  seeks  an  exit  path. 

2.  Holes  #9  through  #16  are  common  to  one 
(1)  forging.  The  measurement  popula¬ 
tion  In  this  part  tends  toward  the  high 
limit  of  the  tolerance  (0.378000"/ 
0.379000").  Exceptions  are  Holes  #9 
and  #10  that  favor  0.37700",  but  are 
drifting  toward  the  high  limit.  The 
holes  In  this  forging  also  are  largest 
near  the  entrance  plane  of  the  part  and 
tend  to  get  smaller  as  they  approach 
the  exit  plane.  Operator  side  loading 
during  the  reaming  operation  accounts 
for  the  barrelling  Interior  as  exhibit¬ 
ed  by  Holes  #9  thru  #12  and  #14  thru 
#16.  Hole  #13  reveals  a  consistent 
straight  taper  after  an  initial  "start¬ 
up"  side  load  occurring  at  level  #2 

In  the  hole. 

Absence  of  the  spur  phenomenon  at  or 
near  the  exit  of  the  hole  is  most 
probably  the  result  of  a  tighter  clamp- 
up  In  the  fixture  and  consistent  chip 
follow  up  on  exiting  the  hole. 

3.  Holes  #17  through  #24  are  similar  In 
characteristics  to  those  of  Holes  #1 
through  #8  except  that  the  forging 

was  rotated  l8o”;  thus,  the  measuronent 
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III.  A.  3.  (Continued) 


B.  Ovality: 


pattern  of  these  holes  and  the  profile 
analyses  appear  to  be  reversed  to  those 
of  Holes  #1  through  #8.  Reference 
Holes  #17  and  #20  through  #24  for  veri¬ 
fication.  Holes  #18  and  #13  are  typi¬ 
cal  of  side  loading  Induced  after  ream¬ 
ing  had  begun  and  became  better  on  size 
with  depth. 

4.  Holes  #25  through  #29  are  similar  to 
Item  #3  above.  The  forging  was  rotat¬ 
ed  180°  prior  to  performing  air-probe 
measurement  verification. 

5.  All  of  the  holes  of  this  set,  except 
Hole  #13,  meet  the  Engineering  toler¬ 
ance.  The  fact  that  the  entire  toler¬ 
ance  band  was  represented  In  this 
series  of  holes  suggests  an  operator 
Induced  cause  for  the  measurement 
spread.  Side  loads  by  operator  handl¬ 
ing  most  probably  resulted  In  the  full 
utilization  of  the  tolerance. 

Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #28  and  recorded  at 
0.001974"  at  Level  #6  and  0.001897"  at 
Level  #7.  Actually  these  measurement 
planes  are  the  entrance  of  the  reamer 
Into  the  hole  and  the  second  level  of 
measurements.  See  item  #3  and  #4  In 
paragraph  III.  A  for  explanation. 

Ovality  was  Induced  by  the  hand— reaming 
process  but  presents  no  cause  for  con¬ 
cern  since  It  generally  is  less  than 
five  tenths  of  a  thousandth  CO. 0005") 

In  magnitude  overall.  Holes  #2,  #3,  #5, 
#26  and  #28  recorded  measurements  in 
the  vicinity  of  0.001";  however,  all 
ovality  measurements  are  well  below 
the  Engineering  tolerance  allowables. 
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III.  (Continued) 


C.  Perpendicularity; 


D.  Straightness: 


E.  Barrelling: 


F.  Bellmouthlng: 


G.  Hole  Texture: 


H.  Burrs: 


I.  Surface  Finish; 


All  holes  within  this  set  were  normal 
to  the  longitudinal  axis  of  the  hole 
regard  to  the  machined  face 
(Interface  surface).  Perpendicularity 
was  verified  to  be  zero  degrees  (0  ) 
when  measured  with  the  lOX  magnification 
_ ..u/Annia  (^ao-lnc  Device. 


Straightness  is  within  Engineering 
design  tolerance  as  indicated  by  the 
profile  analyses. 


Evident  as  indicated  by  , 

analyses  typical  of  Holes  #9  thru  #12 


Evident  as  indicated  by  the  profile 
analyses  and  general  characteristic 
of  large  entry  and  small  exit  measure¬ 
ments  . 


Ilf ling,  Scratches,  Chatter  marks. 
rhlB  set  of  holes  exhibited  a  very  good 
interior  wall  texture.  There  was  only 
an  occasional  very  shallow  angle  rifl¬ 
ing  when  Inspected  by  Sight  Pipes  at 
3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring 


»  _ WaIao 


This  set  of  holes  was  drilled  and  ream¬ 
ed  through  a  laminated  stack  and  was 
deburred  satisfactorily  in  the  normal 
process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a  sur¬ 
face  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used 
in  this  inspection.  Surface  was 
smooth  and  shiny . 
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DRILL  METHOD  H-2 


RANKING  NUMBER  83  * 
HOLE  SIZE  0.2495'70.2515'' 


I.  OVERVIEW; 


A.  This  set  of  production  holes  features  double  margin  piloted 
tip  drilling  of  the  Cargo  Door  Hinge  and  Jamb  Structure. 

The  structure  Is  a  stainless  steel  predrilled  hinge,  aluminum 
jamb  and  frame  gusset  stack  up.  The  stack  up  of  structure  Is 
approximately  .500"  thick  and  Incorporates  a  gray  colored 
"rubbery"  textured  sealant  material  between  faying  surfaces  at 
all  layup  Interfaces.  The  subject  hole  Is  slsed  by  Engineer¬ 
ing  at  0.2495"/0.2515"  for  Huck-Bolt  Fastener  Installations. 

Hole  survey  measurements  were  obtained  using  a  "thru-hole"  air 
probe  coupled  to  an  Automated  Computer  System  for  data  storage 
and  recovery. 

II.  SUMMARY; 


A.  Twenty-nine  (29)  holes  were  available  In  this  structure  for 
Inspection.  The  method  of  production  Incorporated  predrilled, 
Installed  hinge  to  ensure  basic  hole  locations  and  Inter¬ 
changeability.  A  hand-held,  air  powered,  drill  motor  driving 
a  double-margin  piloted  tip  drill  was  employed  to  obtain  the 
preliminary  hole  using  the  steel  hinge  as  a  drill  guide.  A 
hand-held,  air  powered,  drill  motor  driving  a  DJ-380  (0.2495*) 
special  piloted  reamer  was  directed  per  planning  to  obtain  the 
finalized  hole  per  Engineering  requirements. 

An  error  was  discovered  upon  starting  of  the  hole  measurement 
operations  using  the  air  probe  and  computer  recovery  data.  The 
holes  were  grossly  oversize.  Measurements  for  this  series  were 
taken  at  the  request  of  the  Host  Facility  Escort  for  the  purpose 
of  Engineering  Information  concerning  dlsposltlonlng  action. 
Investigation  disclosed  that  an  error  had  been  committed  where¬ 
upon  an  oversized  piloted  reamer  had  Inadvertently  been  used  for 
the  final  reaming.  Measurement  operations  were  resumed  with 
results  as  follows. 

B.  Reference  to  the  "Executive  Summary  by  Data  Lot"  reveals  the 
arithmetical  average  for  hole  size  to  be  0.252225"  for  this  set 
which  exceeds  the  Engineering  high  limit  at  0.251500".  All 
twenty-nine  (29)  holes  were  oversize  and  are  contributors  to 
the  oversized  accumulative  average.  The  Individual  Computer 
Printout,  a  history  of  the  measurement  features  of  each  hole. 

Is  Incorporated  In  this  report.  Paragraph  III  discusses  the 
characteristics  associated  with  this  series  of  holes. 

DRILL  METHOD  CODING;  H-2  -  Hand-held  drill  and  ream.  Hand-held  air  powered 
drill  driving  a  double-margin  piloted  tip.  Hand-held,  air  powered  special 
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C.  The  Conputer  Statistical  Printout  provides  clues  traceable  to 

the  following  for  the  production  of  these  holes: 

1.  Custom  major  assembly  flxturlng  ensures  structure  allgnisent 
and  positioning  reliability. 

2.  Hand-held,  air  powered  drill  method  and  accessories  are 
adequate  to  the  production  of  good  quality  preliminary 
holes  In  preparation  for  final  reaming. 

3.  Hand-held,  air  powered  drill  motor  driving  a  special  reamer 
produces  good  quality  final  holes.  An  Incorrect  reamer  was 
used  on  these  holes  resulting  In  a  complete  series  of  over¬ 
sized  holes. 

4.  The  Installed  structural  stainless  steel  hinge  was  used  as 
the  "lead-in"  for  the  drilling  and  reaming  operations.  Use 
of  the  oversize  reamer  enlarged  the  lead-in  hole  on  the 
hinge  for  this  series  of  holes. 

5.  Planning  Is  adequate  to  direct  manufacturing  and  Inspection 
operational  requirements.  Close  tolerance  holes  are 
Inspected  by  sampling  per  planning  direction. 

6.  Morale  among  production  personnel  is  high.  The  attributes 
of  pride  and  craftsmanship  are  evident  In  the  quality  of 
work  produced.  The  technician  responsible  for  this  series 
of  holes  was  markedly  concerned  at  the  error  which  resulted 
In  oversized  holes. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  a.  Reference  "Ebcecutlve  Summary  by  Data  Lot".  580 

measurements  were  accrued  for  this  series  of 
twenty-nine  (29)  holes.  The  arithmetical  average 
for  the  set  is  0.252225"  and  hole  finish  was 
scored  by  the  stainless  steel  chip  migration 
Into  the  aluminum  structure  during  oversize 
reaming.  All  twenty-nine  (29)  holes  of  the 
set  exhibit  out  of  tolerance  measurements  as 
evidenced  by  their  Individual  computer 
statistical  printout. 

b.  Five  holes.  Identified  #3,  12,  19,  20  and  #21, 
were  the  only  holes  whose  hinge  (stainless  steel) 
portion  of  the  hole  remained  within  the  0.251500" 
high  limit  tolerance.  The  aluminum  structure 
following  the  hinge  lead-in  was  oversize  In  all 
holes. 
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c.  All  other  holes  In  this  set  were  oversize  at  the 
hinge  lead-in  and  follow-on  aluminum  structure. 

d.  The  side-load  effect  Induced  via  operator 
Instability  on  the  drill  power  head  and  short 
engagement  length  of  the  steel  hinge  lead-in 
hole  Is  evident  In  measurement  results. 

Examples  are: 

Hole  II,  side  loading  at  0°  and  135°  axes  are 
predominant . 

Hole  #3,  side  loading  at  45°  and  90°  axes  are 
predominant. 

Hole  #20,  side  loading  at  the  0°  and  135°  axes 
are  predominant. 

There  are  nusiarous  other  holes  exhibiting  similar 
characteristics  at  various  axes. 

e.  On  basic  hole  size,  each  hole  Is  an  Individual 
oversize  case  study  whose  measurement  profile 
depends  on  the  "chip"  and  side-load  Influence 
Induced  via  the  reaming  oper  itlon. 


B.  Ovality:  a.  The  greatest  ovality  the  set  occurred  at 

Hole  #15,  Level  #1  and  >  ^s  recorded  at  0.004569". 
The  consequence  of  hole  'jvallty  ^s  the  result 
of  excessive  side  loads  at  the  0  and  135  axes 
of  the  hole. 


b.  Ovality  throughout  tr’  is  «et  of  holes  was 
affected  by  the  side  loads  Induced  by  the 
drill  operator.  The  condition  was  significant 
since  most  of  the  holes  in  this  series 
exceeded  the  Engineering  tolerance  range. 


C.  Perpendicularity:  Owing  to  the  basic  contour  of  the  hinge, 

fasteners  were  Installed  In  sceral  holes 
and  head  gap  was  Inspected  for  perpendicularity 
of  the  hole.  In  addition,  the  concentricity 
of  the  countersink  to  the  hole  shank  was 
visually  checked  at  3X  magnification.  The 
holes  were  perpendicular  to  the  skin  contour. 

D.  Straightness:  Straightness  Is  within  Engineering  design 

tolerance  as  Indicated  by  the  profile  analyses. 

E.  Barrelling:  Occasional,  as  evidenced  by  profile  analyses 

per  Hole  #5  and  #6  examples. 
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F.  Bellnouthlng: 


G.  Hole  Texture: 


H.  Burrs: 


I.  Surface  Finish: 


Generally  evident  as  "taper"  indicated  by 
profile  analyses.  This  characteristic  was 
precipitated  as  a  result  of  hand  tooling  and 
operator  instability.  Remedial  dispositioning 
action  will  address  this  series  of  holes. 

Rifling,  Scratches,  Chatter  narks.  This  set 
of  holes  were  scored  as  a  result  of  the  steel 
hinge  chip  gouging  the  sidewall  of  the  aluminum 
structure.  Remedial  action  planned  for  dis¬ 
positioning  affected  holes. 

This  set  of  holes,  drilled  through  a  stacked 
arrangement  of  hardware  members  was  deburred 
satisfactorily  in  the  normal  process  plan 
work  instructions  but  is  subject  to  re-evaluation 
owing  to  the  oversized  condition  of  the  set. 

All  holes  of  this  set  exhibited  a  surface 
marred  by  chip  scores.  Optical  Surface 
Comparator  was  used  in  this  Inspection. 

Finish  approximates  "125  AA"  except  for  scores 
and  areas  where  the  gray  sealant  impinged  onto 
the  hole  sidewalls. 
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DRILL  METHOD  Q-1 
RANKING  NUMBER  84  * 
HOLE  SIZE:  0.250'70.254" 


I.  OVERVIEW: 

A.  This  set  of  nroductlon  holes  feature  drilling  and  reaming  of  the 
Carry  Thru,  Front  Spar  Assembly.  The  structure  is  an  aluminum 
stack-up  approximately  .500"  thick.  The  subject  hole  is  sized  by 
Engineering  at  0. 250"/0.254". 


II.  SUMMARY: 

A.  Twenty-nine  (29)  holes  were  available  in  this  structure  for 
inspection.  The  method  of  production  utilized  a  custom  built 
assembly  fixture  to  assure  hole  location.  Holes  were  drilled 

by  Quackenbush  air  powered  drill  with  automatic  feed  and  retract. 
Drilling  was  followed  by  hand-held  air  feed  drill  motor  powering 
a  0.2500"  reamer.  Inspection  measurements  were  obtained  by 
"thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose  arithmet¬ 
ical  average  is  0.252158"  for  the  set  of  twenty-nine  (29)  holes. 
This  figure  represents  an  excellent  margin  when  considering  the 
Engineering  tolerance  limits  at  0.250"/0.254".  However,  the 
Individual  Hole  Computer  Printout  reveals  an  operator  induced 
characteristic  in  several  holes  tending  toward  hole  quality 
degradation  and  is  worthy  of  comment  to  reverse  an  adverse  trend. 
Details  on  hole  quality  are  discussed  in  paragraph  III. 

C.  The  computer  data  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the  pro¬ 
duction  of  these  holes: 

1.  Custom  designed  fixture  ensures  interchangeability  and  loca¬ 
tion  reliability. 

2.  Quackenbush  air  powered  drill  used  for  drilling  with  accessory 
drill  plate  integral  to  the  fixture. 

3.  Hand-held  air  powered  drill  motor  driving  a  0.2500"  reamer 
to  obtain  final  sizing  of  the  finished  holes. 

4.  Planning  is  adequate  to  ensure  model  and  serial  number  trace- 
ability  for  assembly  but  is  too  abbreviated  to  provide  other 
than  "Go"/"No-Go"  gaging  acceptance  on  holes. 

III.  CHARACTERISTICS: 


A.  Hole  Size:  a.  Reference  "Executive  Summary"  for  this  set.  580 

*  DRILL  METHOD  CODING:  Q-1  *  Quackenbush,  Hand-held  Air  Power  Reamer. 

Quackenbush,  hand-held  air  driven  drill  using  a  reamer  for  final  hole  sizing. 
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measurements  were  accrued  for  this  series  of  holes. 
The  Arithmetical  Average  for  the  set  Is  0.252158". 

b.  The  predominant  detrimental  characteristic  to 
hole  quality  Is  "side  loading"  Induced  via  opera¬ 
tor  weight  moment  arm  on  the  drill  during  reaming 
and/or  drill  motor  alone  weight  moment  arm. 
Virtually  all  of  the  holes  reveal  their  exit 
planes  to  be  larger  than  the  start  plane  Into 
the  structure.  In  addition,  the  Igdlvldual^Hole 
Profiles  disclose  generally  the  90°  and  135  axes 
exhibiting  the  largest  of  the  plane  measurements. 
Again,  this  Is  operator  and/or  weight  loading  In 
predominantly  one  direction. 

c.  Eight  (8)  holes  disclosed  measurements  In  excess 
of  Che  drawing  tolerance  allowable.  These  holes 
are  Hole  #2,  #7.#16,#17,#19,#20.#27  and  #28. 

1.  All  of  the  above  listed  holes  exhibit  the 
exit  plane  ovality  Induced  by  weight  side 
loading. 

2.  Hole  #7  oversize  dimension  (0.255100") 
occurred  at  plane  level  #3  which  Is  an 
Interface  between  two  (2)  material  laminates 
of  the  hardware  stack-up.  It  Is  suggested  to 
be  a  "chip  scar"  of  negligible  consequence 
since  It  occurs  only  once.  Is  at  only  one  (1) 
orientation  (45°)  In  the  measurement  plane 
and  disappears  at  the  next  deeper  measure¬ 
ment  plane  In  the  hole. 

3.  Hole  #17  revealed  Its  oversize  condition  to 
be  at  the  entrance  plane  of  the  hole.  This 
hole  exhibited  a  rather  generous  chamfer  from 
deburrlng  of  the  hole  and  Its  consequence  on 
hole  degradation  also  was  discounted  since  It 
ellmlnlated  Itself  at  the  next  deeper  measure¬ 
ment  plane. 

4.  Hole  #20,  the  worst  of  the  set.  Is  oversize 
over  practically  Its  entire  length.  Wobble 
via  the  operator  and  reamer  stalling  are  the 
most  probable  causes  for  this  oversized  hole. 
Hole  #20  exhibited  the  largest  reading  of  Che 
entire  set  at  0.256776"whlch  occurred  at  Its 
exit  plane. 

B.  Ovality:  Hole  #23  exhibited  the  greatest  ovality  of  the  set 

with  a  reading  of  0.004569"  at  the  45  -135  axes.  As 
previously  stated,  this  phenomenon  occurred  at  the 
exit  plane  of  the  hole  and  Is  the  result  of  operator/ 
drill  motor  side  loading  via  the  weight  moment  arm. 

The  Influence  of  side  loads  Is  apparent  In  the  ovality 
measurement  of  the  Individual  hole  computer  printouts. 
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C.  Perpendicularity: 

D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthing: 

G.  Hole  Texture: 

H.  Burrs: 

I.  Surface  Finish: 


All  Holes  within  this  set  were  normal  to  the 
longitudinal  axis  of  the  hole  with  regard  to  the 
structure  station  plane  face.  Pergendlcularlty 
was  verified  to  be  zero  degrees  (0  )  when  measur¬ 
ed  with  the  lOX  magnification  Azimuth /Angle  Gaging 
Device. 

Straightness  is  within  Engineering  design  tolerance 
as  Indicated  by  the  profile  analyses. 

None  evident  as  indicated  by  the  profile  analyses. 

General  tendency  toward  "taper"  as  evidenced  by 
profile  analyses  but  within  the  allowable  Engineer¬ 
ing  tolerance  criterion  except  for  the  holes  noted 
in  Item  III.  A. 

Rifling,  Scratches,  Chatter  marks.  This  set  of 
holes  exhibited  a  very  good  interior  wall  texture. 
There  was  only  an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter  marks  nor 
vertical  acorine  in  these  holes. 


This  set  of  holes,  drilled  and  reamed  throu^  a 
stacked  arrangement  of  fuselage  station  frmes, 
doubler  and  fitting  were  satisfactorily  deburred 
in  the  normal  process  plan  work  instructions. 

All  holes  of  this  set  exhibited  a  surface  finish 
of  "100  AA"  or  better.  Optical  Surface  Comparator 
was  used  in  this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  H-2 


RANKING  NUMBER  85  * 

HOLE  SIZE:  0. 3125'70. 3165" 


I.  OVERVIEW: 

A.  This  set  of  production  holes  features  drilling  and  ream¬ 
ing  of  a  Vertical  Fin  Attach  Bulkhead.  The  structure 
Is  an  aluminum  stack-up  of  varying  thickness  owing  to 
the  differences  in  the  adapters.  The  subject  hole  is 
.sized  by  Engineering  at  0.3125"/0. 3165" . 

II.  SUMMARY: 

A.  Twenty  (20)  holes  only  were  available  in  this  structure 
for  survey.  The  method  of  production  utilized  custom 
fixturing  to  assure  hole  location.  Holes  were  drilled 
by  hand-held  air  powered  drill  motor  and  reamed  via 
hand-held  air  powered  drill  motor  driving  a  hole  final 
sizing  reamer.  Inspection  measurements  were  obtained 
by  the  Survey  Team  using  a  "thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose 
arithmetical  average  is  0.314315"  for  the  set  of 
twenty  (20)  holes. 

C.  The  computer  data  Statistical  Printout  for  this  series 
of  holes  provides  composite  clues  traceable  to  the  fol¬ 
lowing  for  the  production  of  these  holes. 

1.  Custom  fixturing  ensures  interchangeability  and 
location  reliability. 

2.  Hand-held  air  powered  drill  and  fixture  mounted 
drill  plate  for  preliminary  holes. 

3.  Hand-held  air  powered  drill  motor  with  fixture 
coupled  reamer  guide  bushings  for  final  hole  reaming. 

*  DRILL  METHOD  CODING:  H-2  =  Hand-held  Drill  and  Ream. 

Hand-held,  air  driven  &  custom  fixtured  for  drilling;  hand¬ 
held  air  driven  drill  driving  a  reamer  for  final  hole  sizing. 
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II.  C.  (Continued) 


4.  Planning  Is  adequate  to  ensure  model  and  serial 

number  traceability  for  assembly  but  is  too  abbrev¬ 
iated  to  provide  other  than  "Go"/"No-Go"  gaging 
acceptance  on  holes. 

III.  CHARACTERISTICS: 


A.  Hole  Size:  a.  Reference  "Executive  Summary"  for  this 

set.  480  measurements  were  recorded 
for  this  series  of  twenty  (20)  holes 
with  the  average  reading,  0.314315", 
residing  at  the  mid-point  range  of  the 
Engineering  tolerance.  The  Individual 
Histograms  do  not  reflect  a  conclusive 
crowding  of  measurements.  Measurements 
randomly  exhibit  themselves  from  clusters, 
to  virtual  full  utilization  of  the  tol¬ 
erance  range,  suggesting  "rattle  space" 
between  the  drill/reamer  and  guide 
bushing  coupled  with  operator  side 
loading  as  causes  for  the  measurement 
pattern.  "Spikes"  in  the  hole  pro¬ 
files  favoring  one  (I)  or  adjacent 
axes  suggest  side  load  influence  re¬ 
sulting  in  oversize  dimensions.  The 
fact  that  these  holes  per  fixture 
positioning  were  drilled  and  reamed 
from  nearly  vertical  (as  opposed  to 
horizontal  per  other  sets)  minimized 
the  severity  of  the  side  load  "spikes". 

b.  Holes  #4,  //6,  //8  and  (^19  favor  the 
operator  side  load  affect  resulting  in 
oversize,  oval  holes. 

c.  Holes  //2  and  //12  likewise  suggest  side 
loads.  Reference  to  45  axis  group  of 
measurements  per  the  Individual  Hole 
Profile  reveals  dimensions  Immediately 
above  the  oversize  dimensions  and  along 
the  same  axis  to  be  approaching  an 
oversize  condition.  As  depth  was  in¬ 
creased,  the  measurements  went  out  of 
tolerance.  Hole  #12  follows  the  same 
pattern  except  along  the  135  axis. 


521 


III.  A.  (Continued) 


d. 

B.  Ovality: 

C.  Perpendicularity 

D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthlng : 

G.  Hole  Texture: 


Hole  //15  is  similar.  Reference  the  90 
axis  of  measurements  in  conjunction 
with  the  oversize  condition. 

hole  #15  exhibited  the  greatest  ovality 
of  the  set  with  a  reading  of  0.003922" 
at  the  0°-90°  axes  at  level  2,  and 
0.003414"  at  the  45°-135°  axes  at 
level  6.  The  influence  of  side  loads 
is  apparent  in  the  ovality  measurement 
of  the  individual  hole  computer  printouts. 

:  All  Holes  within  this  set  were  normal 
to  the  longitudinal  axis  of  the  hole 
with  regard  to  the  structure  station 
plane  face.  Perpendicularity  was 
verified  to  be  zero  degrees  (0  )  when 
measured  with  the  lOX  magnification 
Azimuth/Angle  Gaging  Device. 

Straightness  is  within  Engineering 
design  tolerance  as  ind'cated  by  the 
profile  analyses. 

None  evident  as  indicated  by  the 
profile  analyses. 

General  tendency  toward  "taper"  as 
evidenced  by  profile  analyses  but 
within  the  allowable  Engineering 
tolerance  criterion  except  for  the 
holes  noted  in  Item  III.  A. 

Rifling,  Scratches,  Chatter  marks. 

This  set  of  holes  exhibited  a  very 
good  Interior  wall  texture.  There  was 
only  an  occasional  very  shallow  angle 
rifling  when  Inspected  by  Sight  Piper, 
at  3X  magnification.  There  were  no 
chatter  marks  nor  vertical  scoring 
in  these  holes. 
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Ill,  (Continued) 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed 

through  a  stacked  arrangement  of  fuse¬ 
lage  station  bulkhead  and  adapter  pads 
were  satisfactorily  deburred  in  the 
normal  process  plan  work  Instructions. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a 

surface  finish  of  "100  AA"  or  better. 
Optical  Surface  Comparator  was  used  in 
this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  MEraOD  H-3 


RANKING  NUMBER  86  * 
HOLE  SIZE:  0.6245"/0.6255" 


I.  OVERVIEW: 

A.  The  structure  is  a  steel  to  aluminum  stack-up  approximately 
1.20"  thick  and  the  subject  hole  is  sized  by  Engineering  at 
0. 6245"/0. 6255"  after  finish  reaming. 


II.  SUMMARY: 

A.  Eight  (8)  holes  were  available  in  this  structure  for  survey 
inspection.  The  sequence  of  production  directed  preliminary 
reaming  of  the  holes  to  prepare  them  for  cold  working;  Cold 
work  split  sleeve  and  mandrel  expansion  of  the  holes;  Hand 
reaming  to  the  final  size  for  fastener  installation.  Hole 
expansion  was  accomplished  via  air  powered  tooling  and  the 
reaming  operations  by  hand  held  air  powered  drill  motors 
driving  piloted  tip  reamers. 


*  DRILL  METHOD  CODING;  H-3  *  Hand  Held  Drilling;  Cold  Worked 

Hand  Reaming 
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All  of  the  holes  In  this  set  exceed  the  high  limit  tolerance  of  0.6255" 
and  are  therefore  candidates  for  Material  Review  Board  action  and/or  re¬ 
work  to  the  next  larger  fastener  size  permitted  by  the  Modification  Pro¬ 
gram. 

B.  Reference  Executive  Summary  for  Data  Lot.  This  set  discloses  a  measure¬ 
ment  distribution  whose  arithmetical  average  is  0.627665"  for  the  set 
of  eight  (8)  holes.  This  value  exceeds  the  high  limit  of  the  tolerance 
and  Is  therefore  unacceptable.  Considering  the  operation  as  a  Field  Task, 
without  asslst/stablllzlng  tooling,  the  tolerance  does  not  appear  realistic. 
Specific  discussion  on  the  geometric  characteristics  .-•f  the  holes  are  dis¬ 
cussed  at  paragraph  III  along  with  rationale  disclosures  for  most  probable 
causes  for  the  oversize  condlton  on  this  series  of  holes. 

C.  The  Computer  Statistical  Printout  for  this  series  of  holes  provides  com¬ 
posite  clues  traceable  to  the  following: 

1.  Hand-held  air  powered  drill  motors  for  final  reaming  operations. 

NOTE:  Reamer  Is  a  cobalt  four  fluted  long  shank  piloted  tip  reamer 
sized  at  0.6150"  (tip)  and  0.6245"  (shank). 

2.  Lack  of  assist  tooling  to  stabilize  reamer  and  powerhead. 

3.  Affect  of  reaming  the  combination  of  steel  and  aluminum  In  the 
assembly  stack  Is  apparent. 

CHARACTERISTICS: 


A.  Hole  Size:  576  data  measurements  were  accrued  from  the  eight  (8)  holes 
comprising  this  set.  Reference,  Executive  Summary  by  Data 
Lot  discloses  an  arithmetical  average  of  0.627665"  for  the 
set  which  exceeds  the  high  limit  of  the  Engineering  tolerance. 
This  set^^s  Insufficient  qijantity  of  specimens  to  draw 
solid  statistical  analyses;  However,  the  measurement  data 
taken  at  seventy-two  locations  within  each  holes  does  provide 
realistic  hole  profile  replicas  and  strikingly  pinpoints  most 
probable  cause  for  failure  to  meet  the  tolerance  criterion. 

Reference  Individual  Hole  Computer  Printouts.  The  follow¬ 
ing  geometric  characteristics  are  apparent  In  the  data  which 
Is  common  to  all  holes  of  this  set. 

1  -  All  of  the  steel  fittings  (the  first  four  planes  of 

measurements),  are  oversize.  * 

2  -  All  of  the  holes  reveal  a  chaln-loblng  oversize  con¬ 

dition  at  various  depths  within  each  hole. 

The  above  conditions  point  to  the  following  as  the  most 
probable  cause  for  the  features  existing  in  this  series 
of  holes. 
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1  -  The  technician  performing  the  reaming  operation  with 

a  long  shank  piloted  reamer  is  not  stable  during  the 
duty  cycle  of  reaming. 

2  -  The  steel  fitting  acting  as  a  guide  bushing  during  the 

reaming  cycle  resists  operator  side  loads  and  In  turn 
acts  as  a  pivot  which  creates  the  lobing  chain  inside 
the  hole. 

3  -  The  chain  most  probably  results  from  variations  In  the 

force  an  operator  Induces  during  the  reaming  cycle  since 
he  is  pushing  up  from  the  underside  of  the  wing.  His 
slight  shifts  in  body  position  and  variations  In  thrust 
(tiring  of  the  arm^  are  transmitted  through  the  pivot 
point  (steel  fitting)  and  result  in  a  lobe  Inside  the 
hole. 

4  -  The  several  variations  that  create  the  lobes  in  turn 

induce  excessive  reamer  engagement  on  the  pivot  result¬ 
ing  in  its  oversize  condition. 

5  -  Two  (2)  aircraft  were  involved  in  this  series  of  holes. 

Separate  crews  performed  the  same  tasks »  with  similar 
results;  Therefore,  further  study  and  methods  evaluation 
seem  appropos. 

Information;  Data  disclosure  on  high/ low  measurements  of  the 
holes  and  maximum  oversize  conditions. 


Hole  // 

High 

Low 

Maximum  Oversize 

1 

0.629741" 

0.626526" 

0.004241" 

2 

0.630216" 

0.626379" 

0.004716" 

3 

0.630034" 

0.627147" 

0.004534" 

4 

0.629897" 

0.627250" 

0.004397" 

Hole  if 

High 

Low 

Maximum  Oversize 

5 

0.628914" 

0.625862" 

0.003414" 

6 

0.627388" 

0.625517" 

0.001888" 

7 

0.626474" 

0.625569" 

0.000974" 

8 

0.627302" 

0.625172" 

0.001802" 
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B.  Ovality:  Maximum  recorded  ovality  within  the  set  occurred  at  Hole  //4  and 

discloses  a  value  of  0.002647"  or  the  0°  -  90®  axes  at  level  2. 
Ovality  at  this  hole  exceeded  the  Engineering  tolerance  criterion 
and  is  the  product  of  the  bellmouth  feature  in  the  steel  member 
of  the  assembly  stack. 

Holes  #1  and  //2  also  exceeded  the  Engineering  tolerance  criterion 
by  exhibiting  values  of  0.001190"  and  0.001509"  respectively. 

Both  occurred  at  level  17  on  tieir  0°  -  90®  axes.  The  loblng 
feature  is  discussed  at  length  n  paragraph  III.A.l  thru  III. A. 4. 

C.  Perpendicularity:  Adjacent  installed  fasteners  would  not  permit  inspection 

via  the  Angle/Azimuth  Gaging  Device;  therefore  verifica¬ 
tion  of  perpendicularity  was  accomplished  via  inspection 
of  the  head  to  faying  surface  contact  of  other  fasteners 
in  the  structure.  The  holes  were  normal  to  the  longi¬ 
tudinal  axis  of  the  holes  and  acceptable  to  established 
Engineering  criterion. 

D.  Straightness:  Straightness  is  within  Engineering  design  tolerances  as  in¬ 

dicated  by  profile  analyses. 

E.  Barrelling:  All  holes  of this  setare  barrelled  in  series,  manifesting  the 

feature  as  Unks  In  a  chain.  The  characteristic  and  cause  are 
discussed  in  paragraph  III.A.l  thru  III. A. 4. 

F.  Bellmouthlng:  All  holes  are  bellmouthed  as  referenced  in  the  pivot 

characteristic.  Refer  to  narrative  at  paragraph  III.A.l 
thru  III. A. 4. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This  set  of  holes  ex¬ 

hibited  fair  interior  wall  texture.  There  was  shallow  angle 
rifling  in  most  of  the  holes  exceeding  the  125  AA  machine 
finish.  Inspection  was  performed  with  Sight  Pipes  at  3X 
magnification.  There  were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

H.  Burrs:  There  was  no  evidence  of  burrs  in  the  stack-up  of  materials  in 

the  assembly. 

I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface  finish  of  125 

AA  except  for  rifling.  Optical  surface  comparator  was 
used  in  this  inspection.  Surface  was  generally  smooth 
except  for  rifling. 
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DRILL  METHOD  S-1 


RANKING  NUMBER  87  * 

HOLE  SIZE;  0.3125"/0.3175" 


I.  OVERVIEW; 

A.  This  set  of  production  holes  features  "one-shot"  dril¬ 
ling  and  countersinking  of  the  Pylon  Assembly,  Fuel  Tank. 

The  structure  Is  an  assembly  of  heavy  aluminum  skin  and 
a  steel  pylon  forging  whose  thickness  is  approximately 
0.40"  Irrespective  of  the  skin.  The  subject  hole  Is 
sized  by  Engineering  at  0. 3125"/0. 31 75"  for  Installation 
of  C7984-5  Flush  Head  High  Shear  Bolts  located  at  Pylon 
Stations  50.63  and  75.59. 

B.  The  structure  being  surveyed  Is  presently  being  reviewed 
and  evaluated  for  process  and  tooling  revision  from 
Winslow  (Spacematlc)  drilling  and  attendant  tooling,  to 
Quakenbush  drilllng/reamlng  and  complementary  fixturlng. 
High  maintenance  on  the  Winslow  power  unit,  frequent 
drill/reamer  breakage  and  resultant  hole  quality  degrada¬ 
tion  are  factors  steering  the  changeover  process. 

II.  SUMMARY; 

A  Twelve  (12)  holes  were  surveyed  from  one  (1)  available 
assembly  on  the  factory  line.  A  very  minute  shift  of 
the  outer  skin  on  the  right  hand  side  of  the  unit 
(Clecoed  to  the  forging)  resulted  in  interference  which 
prevented  entry  of  the  "thru-hole"  air  probe;  thus, 
only  twelve  (12)  holes  In  the  pattern  were  surveyed. 

The  method  of  production  utilized  the  Winslow  air  driven 
power  head  for  drilling  and  countersinking.  Spray-mist 
coolant  Integrally  coupled  to  the  powerhead  provided 
adequate  cooling  during  the  duty  cycle  of  the  drill. 
Frequent  drill  stalls  were  noted  during  the  drilling 
process  of  another  pattern  of  holes  and  of  different 
size  on  this  unit.  The  operation  was  stopped  because 
of  breakage  of  the  drill  bit  during  Its  duty  cycle  and 
becoming  lodged  In  the  steel  forging.  The  event  was  the 
third  breakage  incident  noted  on  this  production  unit. 

*  DRILL  METHOD  CODING:  S-1  =  Spacematlc,  One-shot,  no  reaming. 
Winslow,  air  powered  drill  &  accessory  tooling  producing  "one- 
shot"  full  sized  holes. 
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II.  (Continued) 


B.  Reference  Executive  Summary  by  Data  Lot.  This  set  dis¬ 
closes  a  measurement  distribution  whose  arithmetical 
average  Is  0.316165".  This  Is  an  exceptionally  high 
value  brought  about  by  a  chronic  chip  load  build  up  which 
resulted  In  two-thirds  of  the  holes  of  this  set  exceed¬ 
ing  the  high  limit  of  the  Engineering  tolerance. 

Specific  discussion  on  the  geometric  characteristics  of 
all  holes  are  discussed  at  paragraph  III. 

C.  The  Computer  Statistical  Printout  for  this  series  of 
holes  provides  composite  clues  traceable  to  the  fol¬ 
lowing  for  the  production  of  these  holes: 

1.  Custom  designed  fixturing  ensures  interchangeability 
and  location  reliability  of  the  basic  structure. 

2.  Winslow,  air  powered  drill  and  accessory  tooling 
producing  "one'^shot"  full  sized  holes  at  assembly 
is  plagued  with  excessive  maintenance  at  this  work 
station. 

3.  "One-shot"  full  sized  drilling  in  the  steel  forging 
appears  to  be  an  overload  for  Winslow  operations. 

A.  Planning  is  very  good,  providing  adequate  work  in¬ 
structions  and  definition  of  inspection  requirements. 
Plug  "Go"/"No-Go"  gaging  is  employed  in  hole 
inspection. 

5.  Visual  aids  (Illustrated  assembly  breakdown  by 

Bulkhead  Fuselage  Station)  Is  an  invaluable  asset 
providing  a  visual  reference  of  the  overall 
assembly  concept  to  line  personnel. 

III.  CHARACTERISTICS ; 

A.  Hole  Size:  240  data  entries  were  accrued  for  the 

series  of  twelve  (12)  holes.  The 
arithmetical  average  for  the  set  Is 
0.316165".  This  average  is  exception¬ 
ally  high  and  brought  about  by  the 
fact  that  all  of  the  holes  in  this  set 
are  tapered  and  approach  and/or  exceed 
the  high  limit  tolerance  0.3175"  es¬ 
tablished  by  Engineering, 
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III.  A.  (Continued) 


B.  Ovality: 


C.  Perpendicularity 


1.  Fight  (8)  holes.  Identified  f/3, 
//5,#6,#7,//8,//10,//ll  and  #12  are 
oversize.  Chip  build-up  load 
results  in  severe  taper  and/or 
bellmouth  of  the  holes.  Cause 
of  the  problem  is  divulged  in 
narrative  per  II. A.  and  II. B. 

2.  Hole  #12,  the  worst  hole  of  the 
set,  is  the  result  of  drill  bit 
breaking  inside  the  hole.  The 
problem  of  full  size  drilling  in 
steel  via  Winslow  method  is  known 
and  being  addressed  for  method 
change  and  tool  redesign. 

3.  The  Histograms,  both  Summary  by  Lot 
and  Individual,  reflect  a  utiliza¬ 
tion  of  the  entire  tolerance  band 
owing  to  the  taper  built  into  the 
hole  by  chip  loading.  The  start 

of  drilling  yields  the  smallest 
diametrical  records  and  Increase 
as  depth  and  chip  load  increase. 

Maximum  recorded  ovality  within  the  set 
occurred  at  Hole  #12  and  recorded  at 
0.002810"  at  Level  #5  on  the  0  -90 
axes.  Ovality  in  this  hole  results 
from  drill  breakage  in  the  hole  during 
its  duty  cycle. 

Ovality  in  this  set  was  plagued  by 
drill  stalling  and  chip  loading  re¬ 
sulting  in  oval  holes.  The  ovality 
problems  in  this  set  are  known  and  are 
being  addressed  via  process  and  tool 
redesign. 

:  Holes  were  checked  by  gaging  with  a 
lOX  magnification  Azimuth/Angle  Gaging 
Device.  Holes  were  normal  (90  )  to  the 
longitudinal  axis  of  the  holes. 
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III.  (Continued) 

D.  Straightness:  Straightness  is  within  Engineering 

design  tolerance  as  indicated  by 
profile  analyses. 

E.  Barrelling:  None  existent  as  evidenced  by  profile 

analyses. 

F.  Bel imouthlng:  This  characteristic  is  the  most  pre¬ 

dominant  geometric  feature  of  the  set. 
Bellmouthing  and/or  taper  has  been 
defined  on  affected  holes  of  this  set 
in  the  narrative  per  III.A.l  through 
III. A. 3. 

G.  Hole  Texture;  Rifling,  Scratches,  Chatter  marks. 

This  set  of  parts  exhibited  a  fair 
Interior  hole  sidewall  texture. 

There  were  prolific  shallow  angle 
rifling  perceptible  on  several  holes 
when  Inspected  by  Sight  Pipes  at  3X 
magnification.  There  were  occasional 
chatter  marks  but  no  scoring  in  these 
holes. 

H.  Burrs:  This  set  of  holes,  drilled  and  reamed 

at  assembly,  were  satisfactorily  de- 
burred  in  the  normal  process  plan  work 
Instructions . 

I.  Surface,  I'inibii:  All  holes  of  this  set  exhibited  a 

surface  finish  of  "125  AA" .  Optical 
Surface  Comparator  was  used  in  this 
inspection. 
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DRILL  METHOD  Q-1 


RANKING  NUMBER  88  * 
HOLE  SIZE:  0.250"/0.254" 


I.  OVERVIEW: 


This  set  is  a  split  series  taken  from  two  (2)  structural  assemblies  as 
follows  to  complete  a  twenty-nine  (29)  hole  sample. 

A.  This  series  of  eight  (8)  production  holes  feature  drilling  and 
reaming  of  a  Carry  Thru,  Front  Spar  Assembly.  The  structure  is 
an  aluminum  and  steel  stack-up  approximately  .500"  thick.  The 

subject  hole  is  sl-jed  by  Engineering  at  0.250"/0.254". 

B.  This  series  of  twenty-one  (21)  production  holes  feature  drilling 
and  reaming  of  a  Carry  Thru,  Rear  Spar  Assembly.  The  structure 
is  an  aluminum  stack-up  approximately  .500"  thick.  The  subject 
hole  is  sized  by  Engineering  at  0.250"/0.254". 

II.  SUMMARY: 


A.  Twenty-nine  (29)  holes  were  available  in  the  above  structures  for 
Inspection.  The  method  of  production  utilized  a  custom  built 
assembly  fixture  to  assure  hole  location.  Holes  were  drilled  by 
Quackenbush  air  powered  drill  with  automatic  feed  and  retract. 
Drilling  was  followed  by  hand-held  air  feed  drill  motor  powering 
a  0.2500"  reamer.  Inspection  measurements  were  obtained  by 
"thru-hole"  air  probe. 

B.  These  holes  disclose  a  measurement  distribution  whose  arithmet¬ 
ical  average  is  0.253110"  for  the  set  of  twenty-nine  (29)  holes. 

Also,  prior  to  performing  the  hole  measurements,  the  area  crew 
chief  identified  holes  //27,  #28  and  #29  as  rejected  specimens 

and  requested  a  profile  readout  to  confirm  his  knowledge.  Results 
for  these  holes  are  recorded  herein  via  the  above  Identification. 

Individual  Hole  Computer  Printout  reveals  an  operator  induced  side 
load  characteristic  in  most  holes  tending  toward  hole  quality  de¬ 
gradation  and  is  worthy  of  comment  to  reverse  an  adverse  trend. 
Details  on  hole  quality  are  discussed  in  paragraph  III. 

C.  The  computer  data  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following  for  the  pro¬ 
duction  of  these  holes: 

1.  Custom  designed  fixture  ensures  Interchangeability  and  loca¬ 
tion  reliability. 

*  DRILL  METHOD  CODING:  Q-1  ■  Quackenbush,  Hand-held,  Air  Power  Reamer. 

Quackenbush,  air  powered  &  custom  fixtured  for  drilling;  hand-held  air  driven 
drill  driving  a  reamer  for  final  hole  sizing. 
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2.  Quackenbush  air  powered  drill  used  for  drilling  with  accessory 
drill  plate  integral  to  the  fixture. 

3.  Hand-held  air  powered  drill  motor  driving  a  0.2500"  reamer 
to  obtain  final  sizing  of  the  finished  holes. 

4.  Planning  is  adequate  to  ensure  model  and  serial  number  trace- 
ability  for  assembly  but  is  too  abbreviated  to  provide  other 
than  "Go"/"No-Go"  gaging  acceptance  on  holes. 

III.  CHARACTERISTICS: 

A.  Hole  Size:  a.  Reference  "Executive  Summary"  for  this  set.  580 

measurements  were  accrued  for  the  total  lot  of 
twenty-nine  (29)  holes.  The  Arithmetical 
average  for  the  set  is  0.252110". 

b.  The  first  eight  (8)  holes  of  this  set  taken 
from  the  Front  Spajr  Carry  Thru  whose  stack-up 
is  approximately  .500"  thick  Included  the  steel 
fitting  at  the  last  laminate  of  the  stack.  This 
series  of  holes  is  considerably  better  in  quality 
than  the  twenty-one  (21)  holes  per  paragraph  I.  B. 
which  were  drilled  and  reamed  through  an  all 
aluminum  stack-up  on  the  Rear  Spar  Carry  Thru 
assembly.  Characteristics  for  the  holes  identi¬ 
fied  #1  thru  #8  are: 

1.  These  holes  were  fixture  drilled  and  reamed 
by  hand  slightly  undersize  since  the  area 
Inspector’s  "go-gage"  would  not  enter  the 
holes.  The  technician  re-reamed  the  holes 
using  a  0.2500"  reamer  and  on  the  second 
inspection  the  holes  accepted  the  gage. 

The  Hole  Survey  Team  followed  with  measure¬ 
ment  results  as  follows. 

2.  The  Arithmetical  Average  is  0.251495"  for  the 
series  of  elgihi  holes  in  the  Front  Spar  Carry 
Thru.  This  average  is  considerably  better 
than  0.253110"  which  is  the  overall  average 
for  the  twenty-nine  (29)  hole  aggregate  set. 
The  undersize  first  reaming  operation  followed 
by  a  second,  very  llgjht  cut,  is  the  most 
probable  reason  for  these  holes  more  closely 
crowding  the  low  limit  of  the  tolerance 
(0.250000"). 

3.  All  of  the  Front  Spar  Carry  Thru  holes  met 
the  Engineering  tolerances  without  exception. 
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4.  The  predominant  detrimental  characteristic 
to  hole  quality  la  "side  loading"  Induced 
via  operator  weight  moment  arm  on  the  drill 
during  reaming.  Virtually  all  of  the  holes 
reveal  their  exit  planes  to  be  larger  than 
the  start  plane  Into  the  structure.  In 
addition,  the  Individual  Hole  Profiles 
disclose  the  plane  measurements  to  be 
"cone  shaped",  "tapered"  or  "bellmouthed". 
Dwell  time  In  the  steel,  break-out  and 
operator  side  load  most  likely  Is  the  cause 
for  "be.  .  uthlng"  the  exit  planes  of  the 
holes.  "Be llmou thing"  Is  generally  less 
than  0.001"  except  for  Hole  #9  which  is 
0.002"  owing  to  Its  last  plane  of  measure¬ 
ments. 

5.  Individual  Hole  Histograms  for  the  Front 
Spar  Carry  Thru  holes  also  disclose  a 
dimensional  population  crowding  the  0.251000" 
plateau,  which  is  excellent  for  these  holes 
and  probably  Is  a  function  of  two  (2) 
reaming  passes.  These  holes  also  are  of 
better  quality  on  "roundness"  since  their 
measurement  spread  Is  less  than  0.001". 

6.  The  remainder  of  the  hole  characteristics 
are  common  for  the  entire  set,  of  twenty-nine 
(29)  holes  and  are  discussed  as  a  composite 
beginning  at  Item  III.  B.  and  continuing 
through  Item  III.  I. 

c.  The  twenty-one  (21)  holes  representative  of  the 
Rear  Spar  Carry  Thru  Assembly  were  similar  but 
slightly  larger  In  size  than  the  holes  discussed 
In  paragraph  III. A.  b.  above. 

The  predominant  detrimental  characteristic  to 
hole  quality  for  this  series  of  twenty-one  (21) 
holes  Is  "side  loading"  induced  via  operator 
weight  moment  arm  on  the  drill  during  reaming 
and/or  drill  motor  alone  weight  moment  arm. 
Virtually  all  of  the  holes  reveal  their  exit 
planes  to  be  larger  than  the  start  plane  into 
the  structure. 

d.  Seventeen  (17)  holes  disclosed  measurements  In 
excess  of  the  drawing  tolerance.  These  holes 
are  #9;  #11  throught  #13;  #15  through  #17;  and 
#20  through  #29. 
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B,  Ovality; 


1.  Hole  #9  exhibiting  a  "double  bellmouth" 
suggests  wobble  and  operator  "side  load" 
since  the  condition  exists  at  the  entrance 
and  exit  planes  and  down  the  sidewall  of  the 
hole  at  its  0  and  135  axes. 

2.  Holes  #11,#15,#16,#21,#22,#24,#25,#27  and 
#28  exhibit  "side  load"  characteristics  or 
oversize  since  the  measurements  trace  one  (1) 
or  two  (2)  adjacent  axes  down  through  the 
holes. 

3.  Hole  #12  revealed  its  oversize  condition 
to  be  at  the  entrance  plane  of  the  hole. 

Hole  degradation  was  discounted  since  it 
eliminated  Itself  at  the  next  deeper  measure¬ 
ment  plane.  Deburr Ing  chamfer  was  the  most 
probable  cause  for  the  oversize  "lead-in" 
plane. 

4.  Holes  #17, #20  and  #26  recorded  only  one  (1) 
measurement  out  of  tolerance.  They  all 
occurred  at  the  exit  planes  of  the  drill/ 
reamer.  Most  probable  cause  for  this"spike" 
is  uneven  break-out  chip  load.  Hole  degrad¬ 
ation  was  discounted  as  extremely  negligible. 

5.  Hole  #23  exhibits  three  (3)  oversize  read¬ 
ings  at  plane  level  #4.  The  condition  is 
suggested  as  "chip  scar"  since  it  occurs  at 
one  (1)  plane  and  is  tapered  in  depth  as  it 
progresses  around  the  plane  axis.  Hole 
degradation  is  extremely  negligible  and  was 
discounted  per  analysis  on  the  noted  condition. 

6.  Holes  #13  and  #29  are  the  most  severely  over¬ 
sized  holes  of  the  entire  set  and  are  over¬ 
size  throughout  their  entire  length.  Highest 
reading  per  hole  was  recorded  at  0.256724" 
and  0.256448"  respectively.  The  spikes  per 
Profile  Analyses  are  random  and  at  various 
levels  for  both  holes.  Drill/reamer  stall 
coupled  with  operator  side  loading  is  the 
most  probable  cause  for  the  oversize  condition 
of  these  holes.  Stall  is  suspected  since 
there  are  so  many  "spikes"  in  the  holes 

and  at  varying  axes  and  levels. 

Hole  #15  exhibited  the  greatest  ovality  of  the  set 
with  a  reading  of  0.003586"  at  the  45  -135  axes  at 
level  4.  As  previously  stated,  this  phenomenon  is 
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C.  Perpendicularity 

D.  Straightness: 

E.  Barrelling: 

F.  Bellmouthing: 

G.  Hole  Texture: 

H.  Burrs: 

I.  Surface  Finish: 


the  result  of  operator/drill  motor  side  loading  via 
the  weigltt  moment  arm.  The  influence  of  side  loads 
is  apparent  in  the  ovality  measurement  of  the  indi¬ 
vidual  hole  computer  printouts. 

All  Holes  within  this  set  were  normal  to  the 
longitudinal  axis  of  the  hole  with  regard  to  the 
structure  station  plane  face.  Pergendlcularlty 
was  verified  to  be  zero  degrees  (0  )  when  measured 
with  the  lOX  magnification  Azlmuth/Angle  Gaging 
Device . 

Straigihtness  is  within  Engineering  design  tolerance 
as  indicated  by  the  profile  analyses. 

None  evident  as  indicated  by  the  profile  analyses. 

General  tendency  toward  "taper”  as  evidenced  by 
profile  analyses  but  within  the  allowable  Engineer¬ 
ing  tolerance  criterion  except  for  the  holes  noted 
in  Item  III. A. 

Rifling,  Scratches,  Chatter  marks.  This  set  of 
holes  exhibited  a  very  good  interior  wall  texture. 
There  was  only  an  occasional  very  shallow  angle 
rifling  when  inspected  by  Sight  Pipes  at  3X  magni¬ 
fication.  There  were  no  chatter  marks  nor  vertical 
scoring  in  these  holes. 

This  set  of  holes,  drilled  and  reamed  through  a 
stacked  arrangement  of  fuselage  station  frames, 
doubler  and  fitting  were  satisfactorily  deburred 
in  the  normal  process  plan  work  Instructions. 

All  holes  of  this  set  exhibited  a  surface  finish 
of  "100  AA"  or  better.  Optical  Surface  Comparator 
was  used  in  this  inspection.  Surface  was  smooth 
and  shiny. 
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DRILL  METHOD  H-3 
RANKING  NUMBER  89  * 
HOLE  SIZE:  0.4375"/0.440" 


I.  overview: 

A.  This  series  of  specimens  feature  preliminary  reaming  of 
holes  to  performing  a  cold  work 

The  holes  are  located  on  the  Fuselage  to  Wing  Attach 
Fitting.  The  structure  is  a  steel  to  aluminum  stack-up 
approximately  0.90"  thick  and  the  subject  hole  is  sized 
by  ProcLs  Criterion  at  0.4375"/0.440";  0.0030"  over  the 
reamer  size  of  0.4375". 


II.  SUMMARY: 

A  Six  (6)  holes  were  available  in  this  structure  for  survey 
inspection.  The  sequence  of  production 
liminary  reaming  of  the  holes  to  prepare  them 
working.  A  hand-held  air  powered  drill  motor  driving 
piloted  tip  reamer  was  employed  to  accomplish  e 
No  other  supplementary  tooling  was  provided  for  this 

operation. 

B  Reference  Executive  Summary  for  Data  Lot.  This  set  dis- 
“•  ctonra  n,e.auren,a„t  dlatrlbutloa  whose 

:a!L%lightly  above  the  high  limit  ^ 

result  of  slight  barrelling  in  Holes  1  thru  <>4  and 
significant  crescent  defect  in  Holes  #5  and  6. 

C  The  Computer  Statistical  Printout  for  this  series  of  holes 
provides  composite  clues  traceable  to  the  following. 

1.  Hand-held  air  powered  drill  motors  for  final  reaming 
operations. 

note:  Reai»r  is  .  six  fluted 

reamer  sized  at  0.430"  (tip)  and  0.4375 

(shank) . 

*  DRILL  METHOD  CODING:  U-3  -  Hand  Held  Drilling;  Cold  Worked 
uRAieie  Reaming 


537 


2.  Lack  of  assist  tooling  to  stabilize  the  reaming 
operation. 

3.  Affect  of  reaming  the  combination  of  steel  and 
aluminum  in  the  assembly  stack  Is  evident. 

III.  CHARACTERISTICS; 


A.  Hole  Size:  336  data  measurements  were  accrued  for  the 

six  C6)  holes  comprising  this  set.  Refer¬ 
ence,  Executive  Summary  by  Data  Lot,  discloses 
an  arithmetical  average  of  0.440137"  for  the 
set,  slightly  over  the  Engineering  High 
Limit  Criterion.  This  set  has  an  insuffi¬ 
cient  quantity  of  specimens  to  draw  solid 
statistical  analyses;  however,  the  measure¬ 
ment  data  taken  at  fifty-two  C52)  and 
sixty  (60)  locations  within  each  hole  does 
provide  realistic  hole  profile  replicas. 

1.  Hole  //I.  Reference  Individual  Hole  Com¬ 
puter  Printout.  This  hole  has  a  slight 
series  of  barrelled  features  at  various 
depths  inside  the  hole.  In  addition,  the 
data  for  the  0  and  135  axes  reveal  a 
measurraent  series  consistently  larger  than 
the  45  and  90  axes  and  are  a  result  of 
the  gravity  vector  (0°)  and  technical 
instability  during  the  duty  cycle  of  the 
reaming  operation. 

Pivoting  on  the  steel  fitting  results  in 
the  lobing  feature  (barrelling)  and  weight 
of  the  drill  power  unit  tends  to  provide 
the  ingredient  necessary  for  ovality  at 
the  0  axis . 

2.  Hole  02  is  oversize  over  its  entire  length 
and  also  has  the  lobing  (barrelled) 
features  at  varying  depths  along  the  hole. 
Pivoting  on  the  steel  fitting  again  in 
accessed  the  cause  for  the  barrelling 
features  in  this  hole. 

3.  Hole  #3  features  the  same  characteristics 
as  Holes  #1  and  2  except  that  all  measure¬ 
ments  remain  within  the  Engineering  toler¬ 
ance. 
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4.  Hole  #4  l8  slightly  over  tolerance  in  the  hole 
Immediately  forward  of  the  steel  fitting.  It  has  a 
very  slight  barrelled  feature  at  the  Interface  of  the 
steel  fitting  to  aluminum  members  following  It  In  the 
assembly  stack.  In  addition,  there  Is  a  spike  In  the 
data  at  plane  level  4.  This  spike,  at  all  axes,  has 
been  discounted  as  a  defect  In  the  hole  analysis. 

In  reality,  plane  level  4  is  an  interface  gap  between 
the  steel  fitting  and  the  aluminum  shim  following  it; 
thus,  the  barrelled  feature  encompasses  the  forward 
portion  of  the  fitting,  the  aluminum  shim  and  slightly 
Into  the  aft  side  of  the  spar  cap  In  the  assembly 
stack.  Steel  chip  Impingement  Into  the  aluminum  mem¬ 
bers  of  the  stack  Is  the  most  probable  cause  for  the 
slightly  barrelled  characteristic. 

The  maximum  measurement  in  Hole  #4  Is  0.441595"  at 
plane  level  5  on  Its  0°  axis.  0.441922"  at  plane 
level  #4  Is  void  since  it  is  the  interface  discussed 
above.  The  0°  axis  of  this  hole  is  the  gravity  vector 
with  regard  to  reaming  and  reflects  the  side  load  as 
a  result.  The  measurements  along  this  axis  are 
slightly  larger  than  those  for  the  remaining  axes. 

5.  Hole  #5  and  6  are  unique.  Due  to  a  shift  In  the  shim, 
a  double  hole  results.  Inspection  by  Sight  Pipe  at  3X 
magnification  revealed  complete  absence  of  metal  over 

a  quadrant  of  approximately  one  third  (1/3)  of  the  hole 
and  It  Is  evident  in  the  data  at  plane  levels  5  and  6. 

In  addition,  on  the  forward  side  of  the  assembly  stack 
there  was  a  large  section  of  material  missing  in  these 
holes  as  received  from  the  manufacturer.  In  both  cases, 
the  affected  area  was  crescent  shaped  and  covered 
approximately  one  quarter  (1/4)  of  the  hole.  Refer 
to  sketch  for  estimated  details.  The  flaw  area  was 
too  large  and  beyond  the  measurement  capability  of 
air  gaging. 
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B.  Ovality:  Maxinum  recorded  ovality  within  the  aet 

occurred  at  Hole  #1  and  discloses  a  value  of 
0.003397"  on  the  0  -  90°  axes  at  plane  level 
1.  Ovality  at  this  hole  .exceeded  the  Engineer¬ 
ing  tolerance  criterion  and  Is  the  product  of 
the  ovality  feature  In  the  steel  member  of  the 
assembly  stack  resulting  from  the  gravity 
vector  direction  In  regard  to  the  reaming 
direction. 

Holes  #5  and  6  were  discounted  via  analysis 
for  ovality  because  of  the  crescent  shaped 
defect  discussed  In  paragraph  III. A. 5. 

C.  Perpendicularity:  Adjacent  Installed  fasteners  would  not 

permit  Inspection  via  the  Angle/Azimuth 
Gaging  Device;  therefore,  verification  of  per¬ 
pendicularity  was  acoDmpllshed  via  inspection 
of  the  head  to  faying  surface  contact  of  other 
fasteners  In  the  structure.  The  holes  were 
normal  to  the  longitudinal  axis  of  the  holes 
and  acceptable  to  established  Engineering 
criterion. 

D.  Straightness:  Straightness  Is  within  Engineering  design 

tolerance  as  indicated  by  profile  analyses. 

E.  Barrelling:  Slight  barrelling  is  a  chain  feature  in  all 

holes  as  described  in  the  narrative  at  Par. 
III.A.l  thru  III. A. 5. 

F.  Bellmouthlng:  Rejected  in  Hole  #2,  refer  to  narrative 

at  III.A.2. 

G.  Hole  Texture:  Rifling,  Scratches,  Chatter  Marks.  This 

set  of  holes  exhibited  acceptable  interior 
wall  texture.  There  was  only  an  occasional 
very  shallow  angle  rifling  in  the  holes  that 
did  not  exceed  the  125  AA  machine  finish. 

'  Inspection  was  performed  with  Sight  Pipes  at 
3X  magnification.  There  were  no  chatter 
marks  nor  vertical  scoring  in  these  holes. 

H.  Burrs:  There  was  nc  evidence  of  burrs  in  the  stack- 

up  of  materials  In  the  assembly. 
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I.  Surface  Finish:  All  holes  of  this  set  exhibited  a  surface 
finish  of  125  AA  or  better.  Optical  surface 
comparator  was  used  in  this  inspection.  Sur¬ 
face  was  smooth  and  shiny  in  all  holes  except 
for  the  rifling  lines  described  at  item  G 
above. 
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